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ABSTRACT
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Under the Supervision of Professor Changshan Wu

Mainly due to the expansion of the geriatric population, the number of deaths attributable
to dementia in the United States is likely to increase rapidly in the coming decades. In the hope
of offering some valuable insights into discovering disease risk factors linked to geography,
advocating place-based prevention and intervention strategies and supporting equitable access to
end-of-life care, this study examines three aspects of socio-spatial disparities in dementia
mortality in the U.S.: (i) small area spatial and temporal variations in dementia mortality risk; (ii)
“place effects” on the differentials in individual dementia mortality risk; and (iii) disparities in
place of death of decedents from dementia across populations and places.
Results from the study indicate that, first, there are substantial spatial and temporal
variations in dementia mortality risk in the U.S. Specifically, regions including Pacific
Northwest, Ohio River Valley and the Carolinas were found to be the most likely high-risk
clusters; while counties in the Northeast and Florida were the most likely low-risk clusters.
Temporal information of clusters suggested a reduction in the relative risk of Alzheimer’s
disease and all-cause dementia mortality in most of the highly likely clusters. The results may
provide etiologic clues linked to geography and time and propel public health agencies to
evaluate the capacity of local health and social care to meet dementia patients’ needs before
death, especially in those high-risk cluster areas.
ii

Second, differences in individual dementia mortality risk were in part due to the “place
effects.” Among the three environmental variables examined, area socioeconomic deprivation
and PM2.5 concentration were significantly associated with dementia mortality risk; area social
integration did not have a significant relationship in models adjusted for individual-level factors.
Although the relationship between area socioeconomic deprivation was nonlinear, the
association between PM2.5 concentration and individual dementia mortality risk revealed a doseresponse relationship. The relationship between the three environmental factors and dementia
mortality risk also differed by age group. The results suggested that environmental interventions,
especially improving local air quality, might be an effective measure to reduce dementia
mortality risk.
Third, results showed a persistent shift from deaths at institutional settings (hospitals and
nursing home/long-term care facilities) to deaths at home and other places among decedents
from dementia during 2000 and 2014. There were wide interstate variations in place of death of
decedents from dementia. In addition to socio-demographic characteristics of the decedents,
state-level factors including access to care facility resources and Medicare and Medicaid
expenditure on long-term care might have contributed to the changing landscape.
Although biomedical approaches still dominate in our efforts to understand the diseases,
this dissertation research examined the effects of factors “outside the body” on socio-spatial
disparities in dementia mortality. The findings provide new insights to inform future
epidemiological and health services research related to dementia.
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CHAPTER 1: INTRODUCTION
1.1 Background
Dementia is a major public health crisis in the United States today. It has been estimated
that in 2010 approximately 4.7 million American older adults (individuals aged 65 years and
older) were afflicted with Alzheimer’s disease (AD), the most common form of dementia
(Hebert et al., 2013). Most recent projection of dementia prevalence estimated that by 2060,
nearly 13.9 million U.S. older adults will be living with AD and related dementias (Matthews et
al., 2019). Dementia risk increases exponentially with age. The prevalence of dementia increases
from 5.0% in persons aged 71-79 years to 37.4% in those aged 90 years and older (Plassman et
al., 2007). According to the U.S. Census Bureau, the number of older adults is expected to
double from 49 million in 2016 to 95 million in 2060, among which 19 million will be 85 years
and older (U.S. Census Bureau, 2017). The greater number of older adults, combined with
improvements in life expectancy and declining fertility, will increase the proportion of the
overall population affected by dementia drastically in the near future (James and Bennett, 2019).
Due to the fact that there are no effective curative treatments so far, an increase in
dementia related mortality will accompany the increasing prevalence of dementia. According to
the National Center for Health Statistics (NCHS) at the Centers for Disease Control and
Prevention (CDC), AD was the underlying cause of 110,561 deaths in 2015, making it the 6th
leading cause of death among all and the 5th leading cause of death among older adults in the
U.S. (Murphy et al., 2017). Another study estimated that 503,400 deaths in Americans aged 75
years and older were attributable to AD in 2010 (James et al., 2014). When other types of
dementias are accounted for, dementia is the 2 nd largest contributor to mortality among U.S.
older adults, contributing to 13.6% of all deaths among U.S. older adults (Tinetti et al., 2012). In
1

contrast to the declining mortality rates of other major causes of death (e.g. heart disease, cancer)
in recent years, the U.S. annual age-standardized AD mortality rate increased by 63.3% from
18.0 per 100,000 people in 2000 to 29.4 in 2015 (Miniño et al., 2002; Murphy et al., 2017).
Although dementia poses a significant challenge to the U.S. as a whole, the disease
burden is not shared evenly across populations and places. To date, the extent of such disparities
and their contributing factors remain poorly understood. However, due to the availability of
routinely collected nation-wide mortality records and recent advances in computation software, it
is feasible to examine disparities in dementia mortality using large-volume data over a long
period of time. Using national death certificate data, this dissertation examines the disparities in
dementia mortality in the U.S. from a socio-spatial perspective. Specifically, it engages with
three aspects of dementia mortality disparities: (i) small area spatial and temporal variations in
dementia mortality risk; (ii) “place effects” on the differentials in individual dementia mortality
risk; (iii) disparities in place of death of decedents from dementia across populations and places.

1.2 Overview of the dissertation
This dissertation is organized into 6 chapters. Chapter 1 introduces background
information, structure and significance of the dissertation research. The introduction chapter is
followed by Chapter 2, which reviews the current literature on disparities in dementia mortality
in the U.S.
The main body of the dissertation is composed of three papers. In Chapter 3, I employ
the retrospective space-time scan statistic to detect the spatiotemporal clusters of dementia
mortality between 2000 and 2010 in the U.S. This study falls into one of the major branches of
inquiry in health/medical geography: disease mapping/cluster detection. Putting disease risks on
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a map is important in medical/health geography research, especially in spatial epidemiology,
because it helps to identify areas/people with excess risks, to generate hypotheses of possible
associations between place characteristics and health behaviors and outcomes, and to encourage
community engagement in improving public health (Beyer et al., 2010; Waller and Carlin, 2010).
Currently, disease maps of dementia mortality risk are still rare. This study aims to create a set of
disease maps that demonstrate concentrated dementia mortality risk at a fine geography (county)
in the U.S. over a long period of time, and then examine these patterns for evidence of
statistically significant clustering. By carrying out the analysis, I intend to answer following
questions: (i) were there any significant spatiotemporal clusters of dementia mortality in the U.S.
during the study period? (ii) if so, where and when did they occur? What were the differential
relative risks associated with those clusters? (iii) given the vast body of research on sex
difference in dementia, was there any difference in the spatiotemporal clusters in populations
stratified by sex? (iv) what etiological hypotheses might be generated from the cluster results? In
this chapter, I aim to demonstrate that the risk of dementia mortality was shared unevenly across
space and time in the U.S.
In Chapter 4, I build upon the findings of dementia mortality risk clusters in the previous
chapter, as well as other evidence of spatial variations in dementia mortality risk in the U.S.
(Figueroa et al., 2008; Gillum and Obisesan, 2011; Gillum et al., 2011). The chapter examines
whether characteristics of the place of residence at death is associated with one’s risk of
dementia death. Health/medical geographers are keen to understand the sources of area
variations in disease risk. Specifically, whether those area variations are attributable to the
characteristics of the people who live in certain locales (compositional effects) or the
environments in which they live, work or play (contextual/place effects) is of primary interest
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(Macintyre et al., 2002). Drawn on the multilevel ecosocial theory of health (Krieger, 1994,
2000, 2001) and an extensive body of literature on social determinants of health (Blane, 1995;
Braveman, Egerter, & Williams, 2011; Cockerham, Hamby, & Oates, 2017; Marmot &
Wilkinson, 2007; Marmot, 2005; Regidor, 2006; Scribner, Simonsen, & Leonardi, 2017), this
chapter looks at the combined effects of three socio-physical environmental factors-area
socioeconomic deprivation, area social integration and PM 2.5 concentration-on individual
dementia mortality risk. I intend to answer following questions: (i) What are the differences in
dementia mortality risk associated with individual attributes and county socio-physical
environmental indicators, before and after adjusting for potential confounders? (ii) Are there any
interaction effects between individual and contextual attributes on dementia mortality? If so,
which variables are involved? (iii) What are the implications for dementia prevention and
intervention?
Using national death certificates data between 2000 and 2014, Chapter 5 assesses the
changing landscape of place of death of U.S. older adults for whom a dementia-related disease as
the underlying cause of death. This chapter aims to quantify the extent to which the place of
death of decedents from a dementia-related disease has changed in the nation and across states.
Additionally, this study attempts to relate those changes to state factors that might have
influenced dementia patients’ decision on where to die. Those state factors include the sociodemographic structure of decedents, the availability of care facility resources and the public care
investment. In this chapter, following questions are asked: (i) How do the distributions of place
of death for dementia decedents differ between the years 2000 and 2014? (ii) How do the
distributions of place of death for dementia decedents differ among population groups and across
states? (iii) Is a dementia decedent’s place of death associated with state-level factors,
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particularly availability of care facility resources and public care investments? (iv) What are the
implications of study findings for public health policies aiming at supporting dementia patients
to age and die in place?
The last chapter summarizes the findings of the studies and identifies directions for future
research.

1.3 Significance of study
The contributions of this dissertation research to our understanding of socio-spatial
disparities in dementia mortality are multi-fold. First, although a number of studies have
examined geographical variations in dementia mortality in the U.S., their usefulness is limited
due to small geographical coverage, coarse spatial unit, and short time period. The first paper, by
using nation-wide death certificate data (geocoded to county) for a ten-year period and the spacetime scan statistic, will provide evidence of the small area variations in dementia mortality risk in
both space and time. The findings may be helpful for generating etiological hypotheses of
dementia and for federal and state public health agencies to allocate end-of-life care resources for
dementia patients more efficiently.
Second, a considerable number of studies have examined the influence of environmental
factors on incident dementia; however, the investigation of the synergistic effects of multiple
environmental (both social and physical) factors and how those factors may interact with
individual-level characteristics to impact one’s dementia mortality risk is limited. Using a large,
multi-racial/ethnic sample and a multilevel framework, the second paper investigates the extent
to which three environmental factors may contribute to the area variations in individual dementia
mortality risk. The study also assesses whether the associations between those three
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environmental factors and individual dementia mortality risk vary by age. The results provide
further cross-sectional evidence that differentials in individual dementia mortality risk are in part
due to environmental constraints and that public health policies aiming at reducing dementia
mortality risk may need to incorporate environmental interventions.
Third, the last paper examines the extent to which the place of death of decedents from
dementia has changed in the U.S., through a comparison of the years 2000 and 2014, both
nationally and across states. The results will help identify the gaps between preferred and actual
place of death among local dementia patients. Different from cross-sectional research, this study
uses panel/time-series data analysis to relate the changes in place of death to state policies over
time. It will provide new insights into the structural drivers of the changing landscape of place of
death of dementia decedents and inform federal and state health agencies on how to efficiently
organize end-of-life care for dementia patients across settings.

6

CHAPTER 2: LITERATURE REVIEW
2.1 Geographical disparities in dementia mortality
Studies of the geographical disparities in dementia mortality risk may help generate some
important etiological hypotheses on the socio-environmental contributions to dementia. In
addition, they may inform public health entities to better delineate preventive and therapeutic
resources. Russ and colleagues (2012) provided a systematic review of studies examining the
geographical variations in dementia risk, with a few articles focusing on mortality in the U.S.
Disparities among administrative units. Using National Center for Health Statistics
(NCHS) death certificate data between 1999 and 2004, Steenland et al. (2009) found that agestandardized mortality rates of AD as the underlying cause were notably higher in the
northwestern and southeastern states. The state with the highest rate (Washington, 33.7 per
100,000) was more than 4 times that of the lowest rate (New York, 8.2 per 100,000). In a study
of racial disparities in dementia mortality in the U.S. at the census region level, Gillum and
Obisesan (2011) reported that, between 1999-2004, dementia mortality rates for Blacks were
highest in the South Atlantic and West North Central census divisions, whereas rates for Whites
were highest in the East South Central division and lowest in New England, Middle Atlantic and
East North Central divisions. Gillum, Yorrick, and Obisesan (2011) reported that in 2005 and
2006 combined, the age-adjusted mortality rate of dementia as the underlying or contributing
cause of death among persons aged 65 years and over varied substantially by state, with Oregon
having the highest (921 per 100,000) and New York the lowest (458 per 100,000). Rates for
Alzheimer’s disease varied by more than 3-fold from 133 per 100,000 in New York to 419 in
Washington.

7

Small area comparisons of dementia risk have been carried out in other developed
countries such as Canada (Frecker, 1991; Perron et al., 1993; Jean et al., 1996) and Switzerland
(Huss et al., 2009), while only one study reported such data for the U.S. Gillum, Yorrick, and
Obisesan (2011) calculated mortality rates of AD and other dementia-related illnesses for
persons aged 65 years and over at the county level. They found high rates in most Oregon
counties, western Washington, some counties in Mountain states, Ohio, northern New England,
the Appalachian region and the Carolinas, and low rates in most New York counties and south
and central Florida. Although they provided a more nuanced picture of the spatial disparities in
dementia mortality that was previously available, the study period was rather short (two periods:
1999-2000 and 2005-2006) and many counties were impacted by suppressed or unreliable values
due to small numbers of dementia deaths. In general, small area comparisons of dementia
mortality remain scarce, despite its high relevance in identifying risk factors and allocating
health care resources. Among those studies that attempted to examine temporal trends, the usual
approach was to compare area mortality rates between two or more pre-defined time periods
(Schrijvers et al., 2012).
Disparities between rural and urban settings. A number of prevalence and incidence
studies have attempted to examine urban/rural disparities in AD/dementia risk. Rural living was
associated with elevated risk in some studies (Jean et al., 1996; Yip et al., 1997; Zhang et al.,
2006; Arslantaş et al., 2009; Jia et al., 2013) but not others (Prince et al., 1994; Azzimondi et al.,
1998; Matthews et al., 2005; Bermejo-Pareja et al., 2008; Llibre Rodriguez et al., 2008). One
meta-analysis of the geographical variation in dementia concluded that there was some evidence
of rural living, especially in early life, being associated with elevated AD prevalence and
incidence, although this association was much weaker for vascular and non-specific dementia
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(Russ et al., 2012). Among studies that focused on the U.S., one study, by incorporating a life
course approach in measuring risk exposure, emphasized the detrimental effects of rural living in
early life on late-life AD risk (Ogunniyi et al., 2000). In another study that identified risk factors
for incident AD between African Americans and Yoruba, rural living in childhood was found to
be associated with higher AD incidence for African Americans (Ogunniyi et al., 2006). It is
interesting that urban/rural disparities in AD/dementia prevalence and incidence vary in other
parts of the world but remain consistent in the U.S. It is worth noting that the definition of
urbanicity/rurality in dementia studies has shown substantial heterogeneity, making a
comparison of results challenging. These measures include population size and density,
economic structure, whether the area contains villages or cities, and urban influence code. Other
studies did not provide explicit definitions (Russ et al., 2012). The studies of the associations
between rural living and dementia risk were descriptive at best. The aspects of rural living that
may be associated with dementia risk remain understudied.
To my knowledge, very little research has related urbanicity/rurality to dementia
mortality directly. Law and Morris (1998) found that metropolitan areas had a lower mortality
risk for senile dementia compared to rural areas in England and Wales (relative risk = 0.89, 95%
CI (confidence interval) = 0.89-0.95). Wen et al. (2011) discovered that in China, mortality risk
of dementia and its major subtypes (AD and vascular dementia) was significantly lower in urban
areas as compared to rural ones. Prince et al. (2012) reported that the absolute and relative
dementia mortality risk was much higher in urban areas in Latin American countries such as
Peru and Mexico; however, a reverse relationship was found in China. The measures of rurality
in these studies were dominated by the urban-rural dichotomy and the directions of the
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rural/urban-dementia risk relationship was inconsistent. Studies focusing on urban/rural
disparities in dementia mortality in the U.S., however, are very scarce.
Overall, the study of geographical variations in dementia mortality in the U.S. has been
mostly restricted to large study units such as the census region and state, even though small area
comparisons may provide more valuable insights for disease etiology and health services
research. For those studies at sub-state levels, the temporal range was usually short, and risk
measures were missing for areas with few events. A more complete but nuanced picture of the
geographical patterning of dementia mortality in the U.S., based on finer scales and longer study
periods, is needed.

2.2 Social disparities in dementia mortality
Age
The risk of dementia mortality increases substantially with age. Fratiglioni et al. (1999)
reported that in males, the mortality rate of dementia per 100 person-years was 1.8 (95% CI =
0.8-3.5) in persons aged 85 years and older, compared to 1.3 (95% CI = 0.4, 2.9) in persons aged
between 77 and 84; in females, the rates were 3.8 (95% CI = 2.9-4.8) compared to 0.9(95% CI =
0.4-1.7), respectively. Using U.S. death certificate data from 1999 to 2004, Steenland et al.
(2009) reported that the age-adjusted AD mortality rate per 100,000 persons aged 85 years and
older was 1098.6, compared to 0.3 in persons younger than 45 years old and 32.1 in persons aged
between 65 and 69. The exponential increase in AD/dementia mortality rate with age was present
across gender and race categories. According to U.S. annual deaths data, AD mortality rates were
18.7 per 100,000 in the 65-74 age group and 667.7 in people aged 85 years and older in 2000; in
2013, the rates were 18.1 and 929.5, respectively (Murphy et al., 2016). The disparity in
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AD/dementia mortality risk between the oldest (>85 years old) and younger has widened over
time.
Sex
In the same two studies mentioned above, the authors also compared the AD/dementia
mortality risk by sex. Fratiglioni et al. (1999) reported that the mortality rate of dementia per 100
person-years was 2.7 (95% CI = 2.1-3.4) in females compared to 1.5 (95% CI = 0.8-2.6) in
males; the mortality rate of AD was 2.2 (95% CI = 1.6-2.8) in females versus 0.9 (95% CI = 0.41.8) in males. In Steenland and colleagues’ study, the age-adjusted mortality rate of AD as the
underlying cause of death was consistently higher in females than males aged 75 and over. This
disparity by sex was found in whites, non-whites and all races combined (Steenland et al., 2009).
Race/ethnicity
Steenland et al. (2009) reported that the age-adjusted AD mortality rate was higher in
Whites (19.7 per 100,000 persons) than in non-Whites (12.6 per 100,000 persons) and this
disparity was found across all age cohorts. Using the same dataset, Gillum and Obisesan (2011)
reported that in the U.S. the overall age-adjusted dementia mortality rates were similar between
Whites and Blacks (628 per 100,000 in Blacks, 647 in Whites). However, the racial disparity in
dementia mortality rate varied greatly by region. In another mortality study of nursing home
residents with AD, Blacks had shorter lives, among men (RR=0.80, 95% CI = 0.65-0.99) and
women (RR=0.89, 95% CI = 0.76-1.06), compared to Whites. Men in other racial/ethnic
minority groups showed similar longevity (RR=1.0, 95% CI = 0.70-1.44) compared to Whites
but women lived much shorter lives (RR=0.82, 95% CI = 0.65-1.05) (Lapane et al., 2001).
However, another study concluded that Black (mortality hazard ratio [HR]=0.85, 95% CI = 0.740.96) and Latino AD patients (HR=0.57, 95% CI = 0.46-0.69) may have longer survival
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compared to White patients (Mehta et al., 2008). It appears that Whites have higher
AD/dementia mortality rates than other racial/ethnic groups but the difference in the length of
time they live after diagnosis remains inconclusive.
Socioeconomic status
In epidemiological studies, Socioeconomic status (SES) is traditionally measured by
education, income and occupation (Winkleby et al., 1992; Braveman et al., 2005). In studies
using education as the sole indicator of SES, the relationship between SES and AD/dementia
mortality risk has been inconsistent. An inverse relationship between SES and AD/dementia
mortality risk was found in some studies (Agüero-Torres et al., 1998) but not in others (Stern et
al., 1995; Geerlings et al., 1997; Helmer et al., 2001; Qiu et al., 2001; Pavlik et al., 2006;
Bruandet et al., 2008). In a study of gender-specific effects of education on dementia death, Russ
et al. (2013) reported that women who left school aged 14 or younger had a 76% increased risk
of dementia death compared to those who left school aged 16 or older. However, the protective
effect of higher education was not found in men. In contrast, a number of studies have reported
an association between a higher education level and increased AD mortality risk (Stern et al.,
1995; Geerlings et al., 1999; Freels et al., 2002). Moreover, Brehaut, Raina, and Lindsay (2004)
reported that higher education reduced mortality risk among people without cognitive
impairment, while it does not affect mortality among those with cognitive impairment. A
systematic review on the effects of education on the survival of AD patients concluded that
higher education may delay dementia manifestations of AD but it does not affect survival after
diagnosis (Paradise et al., 2009). To my knowledge, a systematic review or meta-analyses that
focus on education-based SES and other types of dementia mortality risk has yet to be
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conducted. As suggested above, more research is needed to explain the relationship between
education-based SES and AD/dementia mortality risk.
Some studies used income as opposed to education as the sole indicator of SES. For
example, Lower SES, measured by disposable household income, is associated with a higher 5year mortality rate and shortened survival time among people diagnosed with dementia in both
sexes and different care settings (van de Vorst et al., 2016). When SES was based on
occupational social class, it was not significantly related to dementia death risk in both sexes
(Russ et al., 2013). One study used a compositional measure of SES (generated from education
level, income, occupational class, and rural/urban living) and found that lower SES is associated
with significantly higher mortality risk among people with dementia (Chen et al., 2014). Most of
the research above was based on cohort studies and focused on the relationship between
individual SES and dementia risk (survival rate or survival time). Nonetheless, how living in an
economically deprived area (area SES) may affect individual dementia mortality risk remains
understudied.
Social networks
Social relationships have been widely recognized as exerting a significant influence on
physical and mental health. Different aspects/measures of social relationships have been
examined, including social network, social integration, social capital, and social ties. Berkman et
al. (2000) asserted that social network structures and characteristics of social ties can influence
health through five mechanisms: social support, social influence, social engagement, person-toperson contact, and access to resources and material goods. Recent studies have demonstrated
that people reporting stronger social ties and engagement were much less likely to develop
dementia during follow-up (Bassuk et al., 1999a; Fratiglioni et al., 2000; Wang et al., 2002;
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Crooks et al., 2008). Moreover, Amieva et al. (2010) emphasized the importance of the quality of
social networks in protecting against subsequent dementia. A recent review article concluded
that the negative influence of social isolation on incident dementia is comparable to low
education, physical inactivity and depression (Kuiper et al., 2015). Using marital status as a
measure for social relationships, other dementia studies have also shown a consistent relationship
between being non-married and increased AD and dementia risk (Bickel and Cooper, 1994;
Helmer et al., 1999; Sundström et al., 2016). Helmer et al. (1999) found that the relative risks of
dementia and AD incidence were higher among individuals who were never married compared
with individuals who were married or cohabitants. Adjusting other factors (including education,
wine consumption, social environment, leisure activity and depression) did not modify the risk of
AD for non-married. Very few studies directly examined the association between marital status
and dementia mortality risk. One study using the U.S. deaths data during 1999-2004 concluded
that the AD mortality rate ratio between un-married and married persons was 1.42 (95% CI
=1.36-1.48), indicating that social isolation may also be a significant risk factor for dementia
mortality (Steenland et al., 2009).
Although studies have examined differential mortality risks between population groups,
investigation of the socio-spatial disparities in dementia mortality in the U.S. context is still
lacking. Especially, how “upstream” factors operating in broader contexts may contribute to the
differences in dementia mortality remains poorly understood. This dissertation aims to fill the
gap.
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CHAPTER 3: DETECTING SPATIOTEMPORAL CLUSTERS OF DEMENTIA
MORTALITY IN THE UNITED STATES, 2000 - 2010

3.1 Introduction
Dementia refers to a range of neurodegenerative disorders characterized by progressive
deterioration of cognitive abilities, such as memory and reasoning, and dysfunction of
independent living among the affected. Studies of global prevalence of dementia point to the
increasing challenge of dementia risk in all regions of the world (Ferri et al., 2005; Prince et al.,
2013). The United States is no exception. Hebert and colleages (2003) projected that 13.2 million
Americans will be living with AD by 2050, tripled from 4.5 million in 2000. The prevalence of
all-cause dementia will be even greater. Absent effective curative treatments, mortality
attributable to dementia has also been increasing dramatically. According to National Vital
Statistics, the age-standardized AD mortality rate had increased from 18.0 per 100,000
population in 2000 to 29.4 in 2015, making it the 6th leading cause of mortality in all population
and the 5th leading cause among older adults in the U.S. (Miniño et al., 2002; Murphy et al.,
2017). If other forms of dementia are included, dementia is the 2nd largest contributor to death in
older adults among individual common diseases (Tinetti et al., 2012). Due to the demographic
shift toward an older population and increased average life expectancy, AD/dementia mortality
in the U.S. is likely to escalate in future decades.
Despite its importance for etiological research and dementia care planning, geographical
and temporal variation in AD/dementia mortality in the U.S. has received little attention. Among
the few existing studies, most were carried out using the state, or a larger geography, as the
analysis unit. For example, in comparing AD mortality risk between the U.S. and Puerto Rico,
Figueroa and colleages (2008) found that, although the risk increased for both during 1999 and
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2004, Puerto Rico had a higher age-standardized AD mortality rate than all of the U.S. and that
Puerto Rican natives had a significantly higher age-standardized AD mortality rate than Puerto
Ricans living in the U.S. Regional differences in AD mortality were also observed within Puerto
Rico. At the census division level, Gillum and Obisesan (2011) examined geographical patterns
of dementia mortality between Black and White older adults using 1999-2004 death certificates.
They found that racial difference in the age-standardized rates ranged from -130 deaths per
100,000 population in the Middle Atlantic division (362 for Blacks and 492 for Whites) to 55 in
the South Atlantic (731 for Blacks and 676 for Whites). At the state level, using 1999-2004 death
certificates, Steenland et al. (2009) found that state mortality rates of AD as the underlying cause
varied greatly, ranging from 8.2 per 100,000 population in New York and 33.7 in Washington.
Using national vital statistics, Gillum and colleages (2011) found that in 2005-2006, the agestandardized mortality rate of dementia, as either the underlying or a contributing cause, among
older adults varied by two-fold, ranging from 458 per 100,000 population in New York to 921 in
Oregon. For AD alone, the mortality rate varied by three-fold, ranging from 133 per 100,000
population in New York to 419 in Washington. The 2005-2006 period had similar geographical
patterns for all dementia mortality to those in 1999-2000; however, Arkansas, Louisiana,
Mississippi and Arizona had marked increase in AD death rates. To my knowledge, only one
study examined small area variations of AD/dementia mortality in the U.S. (Gillum et al., 2011).
The county-level analysis was more informative compared to the ones based on larger
geographical units; however, due to the short time periods (2 years), many counties were
excluded as the aggregated death numbers in those counties were too small. While the studies
mentioned above could not directly explain the sources of such variations, the authors suggested
a few potential factors including differences in education, access to and quality of care, and
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cardiovascular risk factors. It was also frequently stated that dementia diagnostic and reporting
practices might vary between places and over time, potentially contributing to found patterns
(Steenland et al., 2009; Gillum and Obisesan, 2011; Gillum et al., 2011).
Although these studies shed light on the geographical and/or temporal variations in
AD/dementia mortality in the U.S., none of them investigated the patterns at a sub-state
geography over a long period of time, potentially limiting the usefulness of their findings.
Moreover, although areas with high and low dementia mortality rates were presented, no study
above evaluated the statistical significance of those differences. Examining dementia mortality at
a finer spatial resolution and over a long time may provide us with some etiological clues more
relevant to epidemiological research (Russ et al., 2012). Moreover, these results may be
especially useful for health policy makers to formulate more localized prevention and
intervention strategies targeting communities at the highest risk. The purpose of this study,
therefore, was to identify spatiotemporal clusters of both AD and all-cause dementia mortality in
the U.S. at the county level during 2000 and 2010.

3.2 Data and methods
3.2.1 Data sources
This study used the U.S. multiple cause of death files for 2000-2010, county populations,
and county location data to identify clusters of excess and deficit AD/all-cause dementia
mortality during the decade. I requested the nation-wide individual death certificate data during
2000 and 2010 from the NCHS at the CDC under a data use agreement (NCHS, n.d.). This
dataset consisted of all death certificate records in the U.S. during the study period. In this study,
deaths occurred in states and territories outside the contiguous U.S. were excluded, as were
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deaths of foreign residents. Figure 1 shows the trends of age-standardized mortality rates of
AD/all-cause dementia during the study period. AD and all-cause dementia mortality rates had
both steadily increased by year but all-cause dementia showed faster increase.

Figure 1 Temporal trend of annual age-adjusted Alzheimer’s disease (AD) and all-cause dementia mortality in the
U.S. during 2000 and 2010.

Information of the deceased were extracted from the death certificates, including sex,
race, age at death, state of residence, county of residence, the underlying cause of death, and the
multiple causes of death. Sex, race and age at death were used as covariates to adjust for the
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differences in dementia mortality risk between population cohorts. State and county of residence
were used to denote the place of residence. The underlying cause of death is the one disease that
directly causes the death, while the multiple causes of deaths are a list of diseases that may all
contribute to the death. In this study, both AD and all-cause dementia were used as the
underlying cause and one of the multiple causes to create the “case file.” All-cause dementia
included AD (G30) and other dementia subtypes such as vascular dementia (F01), dementia in
other diseases classified elsewhere (F02), and unspecified dementia (F03). The coding was
according to the 10th revision of the International Classification of Disease (ICD-10) (World
Health Organization, 1992). To create the “population file”, county demographic data stratified
by sex, race and five-year age groups were obtained from the Census Bureau, including
Summary File 1 from the decennial censuses of 2000 and 2010 and intercensal yearly population
estimates during the decade (data and methodology available at
https://www.census.gov/data/datasets/time-series/demo/popest/intercensal-2000-2010counties.html ). The 2010 county TIGER/Line® Shapefiles were also obtained from the Census
Bureau to create the “coordinates file”, which used the latitude and longitude of county polygon
centroids to indicate county localities (U.S. Census Bureau, 2012a).
It is worth noting that county vital and population statistics had spatial mismatch due to
county boundary changes during the study period. To mitigate the problem, the geographical
coding of some mortality cases and population data were modified. For example, if one county
was split into two smaller counties, the two small counties were re-merged and recoded to make
sure the area and code were identical to the original county. If a new county was created from
parts of two neighboring counties, the resultant three counties were merged into one and all
deaths occurred in the three counties were recoded to the code of the new county. In principle, all
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counties involved in each boundary change (e.g., split, annexation, territory exchange, county
status alteration, etc.) were merged into one county and recoded so that the geographical extent
and coding system were consistent over time. 3103 counties were created after adjusting and
recoding county boundary changes.
3.2.2 Space-time scan statistic
A retrospective space-time scan statistic was used to test for the existence of
spatiotemporal clusters of significantly high and low AD/all-cause dementia mortality risk in the
U.S. using SaTScan (version 9.4.4). The scan statistic has been used to examine the spatial
and/or temporal patterns of infectious diseases outbreaks (Gaudart et al., 2005; Kulldorff et al.,
2005), different types of cancer (Kulldorff et al., 1997, 1998; Hsu et al., 2004; Fukuda et al.,
2005; Sheehan and DeChello, 2005; Henry et al., 2009; Amin and Burns, 2014), and other health
outcomes such as accidental poisoning (Nkhoma et al., 2004), symptomatic pesticide exposure
(Sudakin et al., 2002) and low birth weight (Ozdenerol et al., 2005).
The space-time scan statistic identifies clusters by imposing a series of cylindrical
windows with circular bases centered at each county polygon centroid. The circular base of the
scan window represents the spatial extent of potential clusters while the height represents the
time interval. The radius of circular base continuously increases until the window reaches the
maximum spatial cluster size and the height of the cylinders also increases until it reaches the
maximum temporal cluster size. I chose to control the maximum spatial cluster size to 50% of
the population at risk and the maximum temporal cluster size to 50% of the study period (5 years
in this case) based on such rationale: if a high (low) risk cluster covers over 50% of the total
population and over half of the study period, it is better to consider that there is a low (high) risk
cluster outside the area and time interval. I additionally controlled the maximum radius of
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circular clusters to a value of 500 kilometers. For each cylinder, the space-time scan statistic
tested the null hypothesis that there was equal risk of AD/all-cause dementia death within the
cylinder and the area and time interval outside. The two-sided alternative hypothesis was that the
mortality risk of AD/all-cause dementia inside a cylinder was significantly different from
outside. Considering that the spatiotemporal clusters may be confounded by the overall temporal
trend in the data, I additionally adjusted for the log linear time trend automatically calculated by
SaTScan (Nkhoma et al., 2004; Kulldorff, 2006).
It was assumed that the number of AD/all-cause dementia deaths in each county is
distributed according to a Poisson model. Based on the assumption of Poisson distribution, the
likelihood function of a potential cluster is formulated as
𝐿(𝑐)

𝑛 𝑛 𝑁−𝑛 𝑁−𝑛

𝐿𝑅 = 𝐿(𝑛𝑢𝑙𝑙) = (𝐸) (𝑁−𝐸 )

(1)

where LR is the likelihood ratio, L(c) is the likelihood that the cylinder is a cluster under the
alternative hypothesis, L(null) is the likelihood under the null hypothesis, n is the observed
number of deaths within the cylinder, N is the number of deaths in the total population, E is the
expected number of death within the cylinder under the null hypothesis. The cylinder with the
highest logarithm of LR (LLR) is considered the most likely cluster (Kulldorff, 1997; Kulldorff et
al., 2003; Murray et al., 2014). To address the confounding effects of inhomogeneous local
population structures, jointly defined by age, race and sex, on mortality risk measures, the E
within each cylinder was standardized. First, a set of population cohorts were defined by fiveyear age groups, race, and sex. Then, cohort-specific mortality rates were calculated from the
total population and used as the standard. The cohort-specific expected number of deaths within
a cylinder was calculated by multiplying the number of cohort-specific populations within a
cylinder and the corresponding standard cohort-specific mortality rates of the total population.
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Finally, the cohort-specific expected numbers of deaths within the cylinder were combined to
obtain the total expected number of deaths. With a given N and E, the likelihood value increases
with n. The relative risk (RR), which measures the increased or decreased risk within the cylinder
compared to the area and time outside, was also calculated for each cylinder with the following
formula:
𝑛/𝐸

𝑅𝑅 = (𝑁−𝑛)/(𝑁−𝐸)

(2)

999 random replications were generated in Monte Carlo stimulation to ensure the statistical
stability of identified clusters. Using ArcGIS 10.3, the cluster dbase files were spatially joined
with the county shapefile and maps showing the locations of detected clusters were created.
The scan statistic has several advantages over other cluster detecting methods. First, it
adjusts for varying population density and potential confounders; second, it avoids preselection
bias by not specifying window size or location before analysis; third, it takes into account
multiple testing and returns a single p-value for accepting or rejecting the null hypothesis; and
last, the approximate location of clusters, if detected, can be specified (Kulldorff et al., 1997).
Prates, Kulldorff, and Assunção (2014) assessed the potential biases in relative risk estimates and
concluded that the scan statistic has high power in correctly identifying clusters.
3.2.3 Sensitivity analysis
The default settings of maximum spatiotemporal cluster size in SaTScan (50% of total
population and 50% of study period) tend to produce primary clusters occupying a large
proportion of the study area, rendering non-informative results (Haining, 2003). Researchers
have imposed additional controls by controlling maximum population at risk within clusters to a
smaller percentage (Fukuda et al., 2005; Sherman et al., 2014), or by controlling the maximum
number of cases within clusters (Sheehan and DeChello, 2005), or by controlling the maximum
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radius of circular base or time period (Azage et al., 2015; Lefebvre et al., 2015). It is difficult to
optimize the parameter settings as they may be dependent upon the geographical scale of
processes leading to clustering, spatial and temporal resolutions, and others (Chen, Roth, Naito,
Lengerich, & MacEachren, 2008; Jones & Kulldorff, 2012; Weisent, Rohrbach, Dunn, & Odoi,
2011). Indeed, there is insufficient knowledge on how the choice of maximum cluster size can
influence results from the scan statistic (Weisent et al., 2011). To explore how the choice of
maximum cluster size may affect cluster results, the SaTScan statistic was run post hoc with the
maximum radius of cluster circles controlled to 300 kilometers and 700 kilometers, respectively,
in addition to the default settings mentioned above. The cluster results according to these two
alternate parameter settings were presented in Figure 5 and Figure 6.

3.3 Results
In 2000-2010 combined, AD was listed as the underlying cause for 741,745 residential
deaths and as one of the multiple causes for 1,095,695 deaths. Meanwhile, all-cause dementia
was listed as the underlying cause for 1,439,480 deaths and as one of the multiple causes for
2,770,094 deaths. All the statistically significant spatiotemporal clusters of AD/all-cause
dementia mortality were shown in Figure 2. Because clusters with very small LLRs carry little
useful information, only the most likely cluster and top 5 secondary clusters were presented in
Table 1.
Figure 2 shows the spatiotemporal clusters of AD/all-cause dementia mortality, after
adjusting for sex, race, age, and temporal trend. For AD as the underlying cause of death, 21
clusters were detected (Figure 2a). The most likely cluster was a low risk cluster located in the
Northeast consisting of most counties in New York, Pennsylvania, and New Jersey. Compared to
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the rest of the country, this area had a 43% lower risk of mortality directly from AD (RR=0.57,
LLR=7012.4, 2006-2010) and the difference was statistically significant (p<0.01). The top 5
secondary clusters, ranked by their LLRs, were the large area in the Upper South consisting
Kentucky, Tennessee and part of surrounding states (higher risk [+]), a northwestern region
consisting of Washington, Oregon and west Idaho counties [+], south California and west
Arizona [+], south Florida (lower risk [-]), and east Texas and Louisiana [+]. Among all clusters,
the one with the highest mortality risk was the area encompassing a few counties in south Iowa
(RR=1.96, LLR=274.2, 2006-2010) and the one with the lowest risk consisted of a few counties
in south Texas (RR=0.36, LLR=278.6, 2000-2004).
For AD as one of the multiple causes of death, 19 clusters were detected (Figure 2b). The
most likely cluster was in the same approximate location as in Figure 2a, but the size was slightly
larger. This area had a 37% lower chance of mortality (directly and indirectly) from AD
(RR=0.63, LLR=7999.3, 2006-2010) and the difference was statistically significant (p<0.01). Top
5 secondary clusters were the one in the Ohio River Valley region consisting of Kentucky,
Tennessee and part of surrounding states [+], Florida [-], Washington, Oregon and west Idaho
[+], central and south California [+], and one covering east Texas, Louisiana, Arkansas and
Oklahoma [+]. Among all clusters, the highest risk lied in west Texas (RR=1.64, LLR=84.1,
2006-2010) while the lowest risk in south Texas (RR=0.50, LLR=224.2, 2000-2004).
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Figure 2 Spatiotemporal clusters of mortality attributable to (a) AD as the underlying cause (b) AD as one of the multiple causes (c) all-cause dementia as the
underlying cause (d) all-cause dementia as one of the multiple causes, adjusted for sex, race, age and temporal trend.

For all-cause dementia mortality (Figure 2c and 2d), the most likely clusters were
both located in downstate New York, northeast New Jersey, south Connecticut, with the
lowest RRs among all clusters (for dementia as the underlying cause of death, RR=0.40,
LLR=10462.2, 2006-1010; for dementia as one of the multiple causes, RR=0.47,
LLR=11868.4, 2005-2009). The top 5 secondary clusters were almost identical in terms
of location and size, 4 of which were the adjacent area between Kentucky, Tennessee,
West Virginia, Virginia, North Carolina, South Carolina, and Georgia [+], south Florida
[-], Washington, Oregon, west Idaho [+], Central California [-]. The only difference was
that east Texas, Louisiana and part of Arkansas and Oklahoma [+] was a cluster for
mortality of dementia as the underlying cause and north Texas and Oklahoma [+] was a
cluster for mortality of dementia as one of the multiple causes.
Interesting findings were also observed regarding the temporal patterns of these
clusters. For total population (Table 1) and population cohorts by sex (Table 2), most of
the clusters with significantly lower RRs were in the second half of the decade; while
most clusters with significantly higher RRs were in the first. The results implied that
during the decade, the relative risk of AD/all-cause dementia mortality in most of the
cluster areas listed in the tables had improved compared to the rest of the country.
However, this change was not shared everywhere. California and south Nevada area had
a higher RR of mortality of AD as one of the multiple causes (RR=1.31) during 20062010, and central California had a lower RR of mortality of dementia as the underlying
cause (RR=0.74) during 2000-2004. The relative mortality risk of AD as one of the
multiple causes in central California and south Nevada and of dementia as an underlying
cause in central California residents might have worsened. For men, the Washington state
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region joined central California as another area with worsened mortality risk of AD as
one of the multiple causes (RR=1.70, 2006-2010) and of all-cause dementia as the
underlying cause (RR=1.27, 2005-2009); however, for women, the Washington state
region had lower RRs of mortality of both AD and all-cause dementia during the decade.

27

Table 1 Spatiotemporal clusters of AD and all-cause dementia mortality, adjusted for sex, race, age, and
temporal trend.
Cluster

Approximate location

Observed
deaths

Time

Expected deaths

(a) AD as the underlying cause (adjusted for 3.93% annual increase)
Most likely
New York, New Jersey,
2006-2010
39230
66284
cluster
Pennsylvania
Secondary
Ohio River Valley and Carolinas
2004-2008
58732
43390
cluster1
Secondary
Pacific Northwest
2001-2005
18070
10786
cluster2
Secondary
south California, east Arizona
2003-2007
16981
10787
cluster3
Secondary
south Florida
2006-2010
14420
22021
cluster4
Secondary
east Texas, Louisiana
2002-2006
23334
17547
cluster5
(b) AD as one of the multiple causes (adjusted for 1.41% annual increase)
Most likely
New York, New Jersey,
2006-2010
69909
106940
cluster
Pennsylvania
Secondary
Ohio River Valley and Carolinas
2003-2007
82851
60927
cluster1
Secondary
Florida
2006-2010
28230
42822
cluster2
Secondary
Pacific Northwest
2001-2005
26220
16830
cluster3
Secondary
Central and south California,
2006-2010
69768
53962
cluster4
south Nevada
Secondary
east Texas, Louisiana, Arkansas,
2002-2006
44753
36170
cluster5
Oklahoma
(c) all-cause dementia as the underlying cause (adjusted for 7.58% annual increase)
Most likely
downstate New York, northeast
2006-2010
18653
45486
cluster
New Jersey, south Connecticut
Secondary
Ohio River Valley and Carolinas
2006-2010
135886
107288
cluster1
Secondary
south Florida
2006-2010
35010
46386
cluster2
Secondary
east Texas, Louisiana, part of
2004-2008
62888
50550
cluster3
Arkansas and Oklahoma
Secondary
Pacific Northwest
2004-2008
31783
25172
cluster4
Secondary
Central California
2000-2004
15952
21527
cluster5
(d) all-cause dementia as one of the multiple causes (adjusted for 2.63% annual increase)
Most likely
downstate New York, northeast
2005-2009
33252
69298
cluster
New Jersey, south Connecticut
Secondary
Ohio River Valley and Carolinas
2002-2006
201777
158200
cluster1
Secondary
south Florida
2006-2010
52991
79567
cluster2
Secondary
Pacific Northwest
2001-2005
55462
42508
cluster3
Secondary
north Texas and Oklahoma
2002-2006
63836
50829
cluster4
Secondary
Central California
2001-2005
47334
38419
cluster5
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RR

LLR

p-value

0.57

7012.4

<0.01

1.35

2609.1

<0.01

1.68

2076.3

<0.01

1.59

1537.5

<0.01

0.65

1535.9

<0.01

1.34

887.2

<0.01

0.63

7999.3

<0.01

1.38

3775.5

<0.01

0.65

2930.2

<0.01

1.57

2276.1

<0.01

1.31

2237.7

<0.01

1.25

981.2

<0.01

0.40

10462.2

<0.01

1.29

3821.1

<0.01

0.74

1571.8

<0.01

1.26

1451.3

<0.01

1.27

816.2

<0.01

0.74

804.9

<0.01

0.47

11868.4

<0.01

1.30

5881.5

<0.01

0.66

5167.1

<0.01

1.31

1830.0

<0.01

1.26

1569.2

<0.01

1.24

977.0

<0.01

It has been reported that men and women may have different AD/dementia risk
(Gao et al., 1998; Carter et al., 2012; Chêne et al., 2015). The difference may be due to
sex(gender) differences in dementia risk factors (Azad et al., 2007; Mielke et al., 2014),
or that sex modifies the associations between AD/dementia and its other risk factors
(Fuhrer et al., 2003; Noale et al., 2013), or that clinical expression of AD pathology as
dementia differs by sex (Barnes et al., 2005). Spatiotemporal cluster analysis was further
carried out for men and women separately to test for any differential cluster patterns of
AD/all-cause mortality by sex. Table 2 shows the most likely and top 5 secondary
clusters by sex, adjusted for race, age and temporal trend (The cluster maps for men and
women are Figure 3 and Figure 4, respectively). For men, the most likely cluster of AD
as the underlying cause of death (Figure 3a) was in the Northeast region, consisting of
large parts of New York, Pennsylvania, and New Jersey. This cluster had a statistically
significant lower risk (RR=0.57, LLR=2063.1, 2006-2010) compared to the rest of the
country. The most likely secondary cluster was in the Pacific Northwest, including most
parts of Washington and Oregon (RR=1.72, LLR=622.1, 2001-2005). For AD as one of
the multiple causes (Figure 3b), the most likely cluster (RR=0.64, LLR=2433.8, 20062010) was at the same approximate location as in Figure 2a; however, the most likely
secondary cluster was in south Florida (RR=0.63, LLR=1088.8, 2006-2010). For all-cause
dementia as the underlying cause of death (Figure 3c), the most likely cluster (RR=0.35,
LLR=2934.1, 2006-2010) was a small area consisting of several counties in southeast
New York and northeast New Jersey. The most likely secondary cluster (RR=1.30,
LLR=1167.8, 2006-2010) was located in the Ohio River Valley and Carolinas. For allcause dementia as one of the multiple causes (Figure 3d), the most likely cluster
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(RR=0.48, LLR=3828.7, 2005-2009) was similar as in Figure 2c, but the most likely
secondary cluster was in south Florida (RR=0.64, LLR=2008.0, 2006-2010).
Compared with men, women showed quite similar cluster patterns in AD/allcause dementia mortality risk (Figure 4). The most likely clusters of AD/all-cause
dementia mortality were both low risk clusters located in the Northeast region and the
most likely secondary clusters were both high risk clusters in the Ohio River Valley and
Carolinas region. One noticeable difference was that men had a much lower relative risk
of mortality of AD as one of the multiple causes in Utah and New Mexico compared to
women in the same area; while women had a relatively lower mortality risk of all-cause
dementia as one of the multiple causes than men in Louisiana, south Mississippi, and
southwest Alabama.
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Table 2 Spatiotemporal clusters of AD/all-cause dementia mortality by sex, adjusted for race, age and temporal trend.
AD as the underlying cause

AD as a multiple cause

Location

Time

Most likely
cluster

New York, New Jersey,
Pennsylvania

20062010

Secondary
cluster1

Washington, Oregon

20012005

Secondary
cluster2

Ohio River Valley and
Carolinas

20042008

Secondary
cluster3

south Florida

20062010

Secondary
cluster4

south California, west Arizona

20022006

RR

Dementia as the underlying cause
RR

Dementia as a multiple cause
RR

RR

Location

Time

0.6

New York, New Jersey,
Pennsylvania, Connecticut,
Massachusetts

20062010

0.6

downstate New York, northeast 2006New Jersey
2010

0.4

downstate New York, northeast 2005New Jersey
2009

0.5

1.7

south Florida

20062010

0.6

Deep South

20062010

1.3

south Florida

20062010

0.7

1.4

Ohio River Valley and
Carolinas

20032007

1.4

south Florida

20062010

0.7

Ohio River Valley and
Carolinas

20012005

1.3

0.6

south and central California,
southwest Nevada

20062010

1.3

Ohio River Valley and
Carolinas

20042008

1.2

Washington, Oregon, west
Idaho

20012005

1.3

1.6

Washington

20062010

1.7

Washington, Oregon, west
Idaho

20052009

1.3

north Texas, Oklahoma

20022006

1.3

east Texas, Louisiana

20022006

1.4

north Texas, Oklahoma, south
Kansas, west Arkansas

20022006

1.3

central California

20002004

0.7

central California

20012005

1.3

New York, New Jersey,
Pennsylvania

20062010

0.6

New York, New Jersey,
Pennsylvania

20062010

0.6

south New York, northeast New 2006Jersey
2010

0.4

south New York, northeast New 2006Jersey
2010

0.5

Ohio River Valley and
Carolinas

20042008

1.4

Ohio River Valley and
Carolinas

20032007

1.4

Ohio River Valley and
Carolinas

20042008

1.3

Ohio River Valley and
Carolinas

20022006

1.3

20042008

1.3

south Florida

20062010

0.7

Location

Time

Location

Time

Men

Secondary
cluster5
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Women
Most likely
cluster
Secondary
cluster1
Secondary
cluster2

Washington, Oregon, west
Idaho

20012005

1.7

south Florida

20062010

0.6

east Texas, west Louisiana,
southwest Arkansas, south
Oklahoma

Secondary
cluster3

south California, west Arizona

20032007

1.6

Washington, Oregon, west
Idaho

20012005

1.6

south Florida

20062010

0.8

Washington, Oregon, north
California

20012005

1.3

Secondary
cluster4

south Florida

20062010

0.7

south and central California,
southwest Nevada

20062010

1.3

central California

20002004

0.8

North Texas, Oklahoma

20022006

1.3

Secondary
cluster5

east Texas, Louisiana

20022006

1.3

east Texas, south Oklahoma

20022006

1.3

east Nevada, Utah, north
Arizona

20022006

1.4

Central California

20012005

1.2

Note: All clusters are statistically significant at p=0.01. Clusters are ranked by their log likelihood ratios.
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Figure 3 Spatiotemporal clusters of mortality attributable to (a) AD as the underlying cause (b) AD as one of the multiple causes (c) all-cause dementia as the
underlying cause (d) all-cause dementia as one of the multiple causes in men, adjusted for race, age and temporal trend.
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Figure 4 Spatiotemporal clusters of mortality attributable to (a) AD as the underlying cause (b) AD as one of the multiple causes (c) all-cause dementia as the
underlying cause (d) all-cause dementia as one of the multiple causes in women, adjusted for race, age and temporal trend.

3.4 Discussion
This study provided evidence for spatiotemporal clusters of AD/all-cause
dementia mortality in the U.S. during 2000 and 2010, suggesting both spatially and
temporally uneven mortality risk. One of the highlights of this study is the use of
complete national death certificate data. Compared to other community-based studies or
population-based sample analyses, using exhaustive population death registry minimizes
preselection bias (Thygesen and Ersbøll, 2014). Moreover, due to the fact that acute
diseases such as pneumonia and heart disease are more likely to be listed on death
certificate as the underlying cause of death, using multiple-cause data mitigated
underestimation of the effects of chronical diseases such as AD and dementia on death
(Gillum and Obisesan, 2011). Finally, improved disease diagnostic specificity in ICD-10
compared to previous versions makes the results of cluster analysis more accurate.
The implications of the results are twofold. First, one of the main reasons for
examining geographical and temporal variations in disease risk is to facilitate the
identification of modifiable risk and protective factors. The results suggest that apart
from demographic structures, there may be some socio-environmental factors underlying
the found clustering patterns. For example, socioeconomic deprivation and low education
attainment in the South may be among the fundamental causes of high dementia mortality
in that region. Other factors such as high prevalence of obesity, diabetes, tobacco use, and
physical inactivity may elevate population dementia mortality risk in the region as well.
However, Pacific Northwest being a consistent high-risk cluster suggests other possible
factors at play. Indeed, given the multifactoriality of the diseases and various pathological
pathways, other biological, behavioral and environmental factors (and their possible
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interactions) might have also contributed to the clusters. For example, given the genetic
features of AD and other types of dementia (Bekris and Yu, 2010; Srinivasan et al.,
2016), concentration of persons with susceptible genes might partially explain the highrisk clusters. Moreover, spatiotemporal variations in local population health behaviors
including dietary practices (Barberger-Gateau et al., 2007; Gu and Scarmeas, 2011; Shah,
2013) and social interactions (Kuiper et al., 2015) may also contribute to the cluster
results. And finally, environmental factors including toxins (e.g., air pollution, lead
exposure) and destination accessibility (e.g., access to health and social care) might have
affected incidence risk or survival in dementia and thus mortality patterns as well.
Although it is important not to conflate the risk of incident AD/dementia with ecological
mortality risk from AD/dementia, factors associated with increased incident risk and
shorter survival may partially explain the high-risk mortality clusters. To fully explain the
causes of the clustering patterns, collaborative research efforts from multiple disciplines
such as genetics, pathology, epidemiology and geography are required. The goal will not
be achieved until we have a better understanding of AD/dementia etiologies.
Second, the results also have important implications for public health policies. As
dementia patients at severe stages often show high levels of dependency and require
around-the-clock care, federal and local health agencies should evaluate the capacities of
health care systems (e.g., medical workforce, long term care facilities) to meet patient
needs before death in those high-risk cluster areas. Moreover, as many dementia patients
die from home (Mitchell et al., 2005), health policymakers should also evaluate the care
gaps at homes and implement social care programs providing coping strategies and
supporting resources for informal caregivers. The results suggest that communities in
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Pacific Northwest and the Ohio River Valley and Carolinas region demand immediate
attentions. Due to persistent socioeconomic deprivation, the latter region may bear
additional obstacles in coping with the impacts of high dementia mortality. Federal and
state health departments may employ the results to prioritize health and social care
delivery to those communities. Actions plans should be in place in those areas to
coordinate care management between familiar caregivers, community facilities and
medical professionals.
I evaluated the effects of alternate maximum cluster sizes on cluster results. When
the maximum radius decreased to 300 kilometers (see Figure 5), the large AD mortality
clusters in the Ohio River Valley and Carolinas region in Figure 2 were forced to split
into smaller clusters, although they fell inside the same RR interval. The large dementia
mortality cluster in the same location, however, showed RR heterogeneity among
resultant smaller clusters. Similar patterns appeared for the large clusters in the Pacific
Northwest and east Texas and Louisiana. Other highly likely clusters in the Northeast,
south Florida, central California did not change significantly. When the maximum radius
increased to 700 kilometers (see Figure 6), the clusters located in the Ohio River Valley
and Carolinas region and the northwest in Figure 2 became even bigger. However,
increasing maximum radius did not significantly change the location, spatial and
temporal extent of some highly likely clusters, such as the ones located in Pacific
Northeast, south Florida and the region of east Texas and Louisiana (especially for
dementia mortality). Indeed, there is a trade-off between large and small maximum
cluster sizes in correctly identifying clusters. If the maximum size is too large, it can hide
small clusters within larger, heterogeneous ones; yet, if the maximum size is too small,
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significant regional clusters may not be detected (Chen et al., 2008). Although parameter
settings of maximum cluster size affect cluster results, it was found that the approximate
location/time and size of most of the highly likely clusters were consistent.
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Figure 5 Spatiotemporal clusters of mortality attributable to (a) AD as the underlying cause (b) AD as one of the multiple causes (c) all-cause dementia as the
underlying cause (d) all-cause dementia as one of the multiple causes, adjusted for sex, race, age and temporal trend. Maximum radius of cluster circle is 300
kilometers
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Figure 6 Spatiotemporal clusters of mortality attributable to (a) AD as the underlying cause (b) AD as one of the multiple causes (c) all-cause dementia as the
underlying cause (d) all-cause dementia as one of the multiple causes, adjusted for sex, race, age and temporal trend. Maximum radius of cluster circle is 700
kilometers.

This study has some limitations, too. First, the under-reporting of AD/dementia in death
registries is well documented (Morgan and Clarke, 1995; Olichney et al., 1995; Ganguli and
Rodriguez, 1999; Romero et al., 2014). The real numbers of AD/dementia mortality may be
greater than the vital statistics suggested. Second, geographical and temporal variations in
disease coding and reporting practices may influence the cluster results. Those variations could
stem from public awareness of AD/dementia, availability and accessibility of medical resources
necessary for accurate case identification, certifying physicians’ perception of AD/dementia as a
(direct or indirect) contributing factor to death, among others (Gillum et al., 2011; Romero et al.,
2014). Moreover, misclassification between dementia subtypes could also impact the results,
especially for AD mortality. A more standardized and accurate reporting procedure of
AD/dementia on death certificates is needed. Third, the scan technique can only identify the
approximate location of risk clusters as the exact cluster peripheries should remain uncertain
(Kulldorff, 2001, 2006; Boscoe et al., 2003). Fourth, given the study’s ecological nature, the
results cannot be used to extrapolate the risk of individuals dying from AD/dementia, as
“ecological fallacy” may arise (Robinson, 1950). Ecological mortality risk from AD/dementia,
other than individual risk for incidence, is discussed throughout the article, unless otherwise
specified. Fifth, this study does not explicitly address the impact of population migration,
especially of older adults, on the spatiotemporal clusters. However, the population files were
created from the decennial censuses and the yearly estimates of county populations during the
decade. It moderated the influence of demographic changes on the analysis results.
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3.5 Conclusions
To my knowledge, this study is the first that used space-time scan statistics to identify
AD/dementia mortality clusters in the U.S. Compared to other purely geographical studies, this
article links varying dementia mortality risk to not only space but also time. It identified clusters
of statistically significantly higher AD/all-cause dementia mortality risk in the Ohio River Valley
and Carolinas region, the Northwest, central California, and east Texas, as well as clusters of
statistically significantly lower risk in the Northeast and Florida. Temporal information showed
improved relative risk of AD/dementia mortality in most of the highly likely clusters. Stratified
analysis by sex revealed similar clustering results between men and women, with a few
noticeable differences. Although causal inference of those clusters is beyond the scope of this
study, the findings should propel researchers to focus on places and time periods with
significantly different dementia mortality risk for etiological clues. More research is needed to
uncover the mechanisms through which the biologies, behaviors and environmental exposures of
local populations may interact to create and sustain differential AD/dementia mortality risk
between places and time. Health policymakers should evaluate the medical and social care
capacities and provide supporting resources in local areas, especially high-risk clusters, to ensure
the quality of life of dementia patients at the end of their lives.
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CHAPTER 4: SYNERGISTIC EFFECTS OF SOCIAL AND PHYSICAL
ENVIRONMENTS ON DEMENTIA MORTALITY RISK

4.1 Introduction
Dementia is a major contributor to mortality in the United States. The term “dementia”
consists of a number of neurodegenerative disorders (e.g. Alzheimer’s disease, vascular
dementia, dementia with Lewy bodies, mixed dementia, etc.) that can cause memory loss and
other cognitive problems. Using a nationally representative sample, a recent study found that
dementia is the second largest contributor to mortality among older adults in the U.S., following
heart failure (Tinetti et al., 2012). According to the National Center of Health Statistics,
Alzheimer’s disease (AD), the most common form of dementia, is the 6 th leading cause of death
among all and the 5th leading cause of death among older adults in the U.S. (Murphy et al.,
2017). In contrast to the declining mortality rates of other major causes of death (e.g. heart
disease, cancer, HIV) over the recent years, the U.S. annual age-standardized AD mortality rate
increased by 63.3% from 18.0 per 100,000 people in 2000 to 29.4 in 2015 (Miniño et al., 2002;
Murphy et al., 2017). As the U.S. continues to shift towards an older population (Vincent and
Velkoff, 2010), mortality attributable to dementia is likely to increase in the foreseeable future
absent any curative treatments of the diseases.
Previous research revealed remarkable geographical variations in dementia/AD mortality
risk in the U.S. (Figueroa et al., 2008; Steenland et al., 2009; Gillum and Obisesan, 2011; Gillum
et al., 2011; Xu and Wu, 2018). It is generally reported that mortality rates in the Northwest
Pacific region and the South were significantly higher compared to the rest of the nation; while
those in the Northeast and Southeast were significantly lower. The mechanisms responsible for
creating and sustaining such variations remain unclear. A large body of research has focused on
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identifying individual-level risk factors for dementia, which is helpful in providing explanations.
However, in recent years, researchers have begun to look beyond individual risk factors to
explore the independent effects of social and physical environmental influences on cognitive
ageing and dementia risk.
For instance, a recent review found that in studies examining the associations between
neighborhood socioeconomic status (SES) and cognitive performance, the majority reported
better cognitive functioning among older adults living in neighborhoods with higher SES
compared to those living in neighborhoods with lower SES, independent of individual
sociodemographic, behavioral and socioeconomic characteristics (Wu et al., 2015a). Studies
have also found that residents living in areas with higher SES (Sheffield and Peek, 2009) or
richer community resources (Clarke et al., 2015) had slower cognitive decline compared to their
counterparts in areas that are more socioeconomically disadvantaged. Although studies of the
relationship between neighborhood SES and cognitive functioning and decline are burgeoning,
the results have not been conclusive. Some studies also found no independent effects of
neighborhood SES on cognitive functioning (Sisco and Marsiske, 2012; Wörn et al., 2017),
cognitive decline (Zeki Al Hazzouri et al., 2011; Rosso et al., 2016), or incident dementia
(Menec et al., 2010; Wu et al., 2015b; Ouvrard et al., 2017), after adjusting for individual level
factors.
Current evidence also suggests that strong social ties and interactions may protect
individuals from incident cognitive decline (Bassuk et al., 1999b; Zunzunegui et al., 2003) or
dementia (Fratiglioni et al., 2000; Wang et al., 2002; Crooks et al., 2008; Sörman et al., 2015). A
recent review concluded that poor social interaction is comparable to other well-established risk
factors of dementia such as low education, physical inactivity and late-life depression (Kuiper et
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al., 2015). Although the majority of studies mentioned above measured social ties and social
integration at the individual level, living in a socially integrated community may also have
independent effects on cognitive functioning and dementia. Empirical studies have also shown
that neighborhood social capital and social cohesion predict social and physical wellbeing and
can serve as mediators between individual disadvantages and negative health outcomes in older
adults (Cramm et al., 2013). Moreover, research has shown that area-based social capital is
associated with risk factors for cognitive deterioration and/or dementia such as obesity (Cramm
et al., 2013). In the cognitive ageing and dementia literature, the independent effects of areabased social integration remain under-explored.
Although more research is needed to establish a causal relationship, there is also
mounting evidence linking the adverse effects of air pollution to neurobehavioral function
(Power et al., 2016). Exposure to ambient air pollution, especially fine particulate matters (PM),
may be associated with poorer cognitive function (Ranft et al., 2009; Zeng et al., 2010; Power et
al., 2011; Ailshire and Clarke, 2014; Ailshire and Crimmins, 2014; Manjourides et al., 2017;
Salinas-Rodríguez et al., 2018), faster cognitive decline (Weuve et al., 2012; Cacciottolo et al.,
2017), and increased AD/dementia incidence (Wu et al., 2015; Oudin et al., 2016; Cacciottolo et
al., 2017; Chen et al., 2017).
Available evidence indicates that social and physical environments may have
independent effects on cognitive functioning and risk of dementia, above and beyond individual
influences. What is lacking in current dementia risk factor literature is the investigation of the
synergistic effects of social and physical environmental factors. Limited empirical studies have
shown that social environmental factors (e.g. neighborhood disorder and decay, social
integration) can either accentuate or mediate the adverse effects of physical environmental toxins
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on cognitive health. For example, Ailshire et al. (2017) showed that the effect of PM2.5 on
cognitive errors was stronger among older adults living in neighborhoods with high social
stressors. Similarly, Glass et al. (2009) found that residency in stressful neighborhoods
accentuated the adverse effects of lead exposure on cognitive function. In the present study, I
used a multilevel analysis framework to examine the associations between three contextual-level
variables measured at the county level and individual risk of dementia mortality for older adults
in Wisconsin. The three county-level variables are: 1) area socioeconomic deprivation (SED); 2)
area social integration; and 3) air pollution. Multilevel logistic regression models were
constructed to explore the synergistic effects of individual- and contextual-level factors in
predicting the likelihood of dying from dementia. Figure 7 illustrates the conceptual framework
of the multilevel mechanism underlying individual dementia mortality risk. It was hypothesized
that individual dementia mortality risk was negatively associated with social integration and
positively associated with area SED and air pollution. This study also aimed to test whether there
were cross-level interaction effects between demographic characteristics and environmental
factors on individual dementia mortality risk and whether area social integration might modify
the effects of area SED and air pollution on individual dementia mortality risk.
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Figure 7 Conceptual framework of the multilevel socio-ecological mechanism underlying individual dementia
mortality risk.

4.2 Data and methods
4.2.1 Data sources
Individual death certificates data were requested from the NCHS at the CDC. The sample
consisted of all 36,394 residential deaths in the state of Wisconsin in 2010 for persons aged ≥ 65
years. These death certificates were then used to identify deaths attributable to dementia and to
extract individual socio-demographic information. County-level social and physical
environmental attributes were collected from a variety of sources. Data used for measuring
county-level SED were obtained from the U.S. Census Bureau, 2006-2010 American
Community Survey (U.S. Census Bureau, 2011). Area social integration measures were
downloaded from County Health Rankings & Roadmaps (available at
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http://www.countyhealthrankings.org). And air pollution data were obtained from Air National
Environmental Public Health Tracking Network at the CDC website (available at
https://ephtracking.cdc.gov). Individual death records and county data were joined by the Federal
Information Processing Standard codes of counties.
4.2.2 Dependent variable
The dependent variable for all models was a binary variable to indicate a dementia
attributable death. International Classification of Disease, 10th Revision (ICD-10) codes were
used to identify dementia attributable deaths. The multiple causes of death were extracted from
the Entity-Axis conditions field on death certificates, which lists up to 20 conditions contributing
to a person’s death. The value of the binary variable was assigned as 1 if any of the dementia
codes (ICD-10 = F01, F02, F03, G30) were indicated as a cause of death on the death certificate;
the value for all other deaths was equal to 0, indicating the death was not attributable to
dementia.
4.2.3 Independent variables
Area socioeconomic deprivation. Counties were used as the spatial unit for measuring
area socioeconomic deprivation. For each county, the Townsend Deprivation Index, a
compositional measure of socioeconomic deprivation based on four variables: percentage of
population 16 years and older who are unemployed, percentage of households without vehicle
available, percentage of renter occupied households and percentage of households with more
than 1 occupant per room (Townsend et al., 1988), was calculated. Originally developed in the
United Kingdom, the index is a well-established and validated area deprivation index (Messer et
al., 2006) and has been widely used to assess the relationships between area socioeconomic
status and a number of health behaviors and outcomes (Araya et al., 2006; Bambra et al., 2014;
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Dejardin et al., 2014; Remes et al., 2017; Blakey et al., 2018; Wilding et al., 2018). The four
original variables were standardized and combined to create the index for each county. All
counties were then grouped into quartiles based on index similarity. It was hypothesized that
higher index values would be associated with elevated risk of dementia mortality.
Area social integration. The number of membership organizations (e.g. civic
organizations, fitness centers, religious organizations, political organizations, and professional
organizations) per 10,000 persons was used to measure the level of social integration in a county.
These organizations were identified by North American Industry Classification System codes
813410, 713950, 713910, 713940, 711211, 813110, 813940, 813930, 813910 and 813920 from
the original data drawn from the U.S. Census Bureau, County Business Patterns: 2010 (available
at https://www.census.gov/data/datasets/2010/econ/cbp/2010-cbp.html). It has been stated that
these membership organizations generate social capital by enabling interaction between members
of a community (Rupasingha et al., 2006).
PM2.5 concentration. Monitor and modeled annual average concentration of fine
particulate matter that have a diameter of less than 2.5 micrometers (PM 2.5) was used to measure
the overall air quality in Wisconsin counties in 2010. PM2.5, instead of PM10, was used because
empirical evidence has shown that smaller fine particulate matters may be more detrimental to
cognitive functioning (Underwood, 2017).
Individual-level Covariates. Covariates at the individual level include demographic
factors which may predispose individuals to differential dementia mortality risk and exogenous
variables which may modify such risk. These variables included sex, race/ethnicity, age at death,
marital status, education attainment and comorbidities. Sex was categorized as male and female.
Race/ethnicity was categorized as non-Hispanic White, non-Hispanic Black, non-Hispanic Other,
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and Hispanic. Age at death was a continuous variable and accurate to month. A recent systematic
review concluded that being married is associated with reduced risk of dementia (Sommerlad et
al., 2017). Marital status was categorized as: Never married, single; Married; Widowed;
Divorced; Marital Status not on certificate; Marital Status unknown. No records in the sample
fell into the last two categories. Widowed and Divorced were combined into one category
Widowed/Divorced for the analysis. Strong evidence suggests that higher education protects
individuals from dementia (Sharp and Gatz, 2011) through “cognitive reserve” (Meng and
D’Arcy, 2012). Education was also used as a proxy to control for the confounding effects of
individual-level socioeconomic status on dementia mortality. Education was categorized as High
school or less, Some college or college degree, and Advanced degree. Chronic diseases such as
hypertension (Duron and Hanon, 2008; Kennelly et al., 2009; Nagai et al., 2010; Sharp et al.,
2011) and diabetes mellitus (Cukierman et al., 2005; Biessels et al., 2006) are known risk factors
of dementia. These two comorbidities were included as individual-level covariates in the
regression models. The ICD-10 codes for hypertension are I10, I11.0, I11.9, I12.0, I12.9, I13.0,
I13.10, I13.11, I13.2. The ICD-10 codes for diabetes mellitus are E08, E09, E10, E11, E13, O24,
P70.2.
4.2.4 Statistical analysis
Descriptive statistics of all categorized individual- and contextual-level variables were
prepared by the binary variable indicating dementia death. To test whether dementia mortality
risk was associated with these variables, maximum likelihood estimates of crude odds ratios
(ORs) and their 95% confidence intervals (CIs) were calculated. Pearson’s Chi-squared test was
used to test the independence between dementia mortality risk and individual- and contextual-
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level variables. Pearson correlation was used to test bivariate associations between continuous
contextual-level variables.
Given that the outcome is a binary variable indicating whether a death is attributable to
dementia, two-level logistic generalized linear mixed models (GLMM) based on a logit-link
function were fitted to examine the associations between the risk of dementia mortality and
social and physical environments. Using counties as the random effect cluster variable accounts
for the hierarchical structure of individuals (level 1) nested within counties (level 2). Statistical
analyses were carried out in several stages. First, a fully unconditional model was fitted
(Raudenbush and Bryk, 2002); the variation in the individual risk of dementia mortality was
modelled by a random intercept term for counties and an individual random error term. This
model examines how much of the variance in the individual dementia mortality risk can be
partitioned to level 2. In model 1-3, the three contextual-level variables as fixed main effects
were gradually introduced at level 2. In model 4, the main effects of demographic variables
including age (centered around its mean) as a continuous variable as well as sex and
race/ethnicity as categorical variables were adjusted for at level 1. And finally, a fully-adjusted
model 5 including all individual- and contextual-level variables was estimated to evaluate
synergism of all variables. Four additional variables including education, marital status,
hypertension and diabetes mellitus as categorical variables were controlled for. Model 5
evaluated whether adding exogenous compositional variables would modify the effects of
contextual-level variables on dementia mortality risk. County level random variance was
assessed after taking into account the compositional variations between these spatial units.
Significance tests in all models were two-tailed and statistical significance was defined at the 5%
alpha level. The results of fixed effects of individual- and contextual-level variables, except for
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Age, are expressed as adjusted odds ratios (AOR) with 95% confidence intervals. All statistical
analyses were conducted using the glmer package (Bates et al., 2014) in R version 3.4.0 (R
Development Core Team, 2014).

4.3 Results
Table 3 presents the descriptive statistics for individual- and contextual-level variables
for all residential deaths in Wisconsin in 2010. There were in total 36,394 deaths occurred in the
state, among which 7,087 deaths were attributable to dementia. Approximately 54.7% of all
deaths were female and the average age of all deaths was 83.0  8.7 years. Pearson’s Chi-Square
Test showed that all individual- and contextual-level variables, except for education and diabetes
mellitus, were significantly associated with the risk of dementia mortality. Correlation
coefficients among the three contextual-level variables were also calculated (see Table 4). Area
SED was negatively correlated with area social integration (r = −0.02) and PM2.5 concentration (r
= −0.01). Area social integration was negatively correlated with PM 2.5 concentration (r = −0.43).
Only the correlation between area social integration and PM 2.5 concentration was statistically
significant.
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Table 3 Descriptive statistics of individual and contextual variables of all residential deaths among
Wisconsin older adults in 2010.
Variables
Individual variables
Sex
Male
Female
Race/ethnicity
non-Hispanic White
non-Hispanic Black
non-Hispanic Other
Hispanic
Age, yr
65-74 years old
75-84 years old
85 years old and over
Marital status
Single
Married
Widowed/Divorced
Education
High School or Less
Some College or College Degree
Advanced Degree
Hypertension
Yes
No
Diabetes Mellitus
Yes
No
Contextual variables
Area SED
Q1: Least Deprived
Q2
Q3
Q4: Most Deprived
Area social integration
Q1: Most integrated
Q2
Q3
Q4: Least integrated
PM2.5 concentration
Q1: Least polluted
Q2
Q3
Q4: Most polluted

All deaths
N
(%)

Dementia deaths
N
(%)

non-Dementia deaths
N
(%)

p- value†

***
16472
19922

(45.3)
(54.7)

2358
4729

(33.3)
(66.7)

14114
15193

(48.2)
(51.8)

34854
1022
318
200

(95.8)
(2.8)
(0.9)
(0.5)

6827
186
43
31

(96.3)
(2.7)
(0.6)
(0.4)

28027
836
275
169

(95.6)
(2.9)
(0.9)
(0.6)

7109
12255
17030

(19.5)
(33.7)
(46.8)

295
1805
4987

(4.1)
(25.5)
(70.4)

6814
10450
12043

(23.3)
(35.6)
(41.1)

2129
13445
20820

(5.8)
(36.9)
(57.2)

401
1823
4863

(5.7)
(25.7)
(68.6)

1728
11622
15957

(5.9)
(39.7)
(54.4)

27039
7479
1876

(74.3)
(20.6)
(5.2)

5334
1397
356

(75.3)
(19.7)
(5.0)

21705
6082
1520

(74.1)
(20.7)
(5.2)

4471
31923

(12.3)
(87.7)

969
6118

(13.7)
(86.3)

3502
25805

(12.0)
(88.0)

1279
35115

(3.5)
(96.5)

271
6816

(3.8)
(96.2)

1008
28299

(3.4)
(96.7)

7551
5437
7784
15622

(20.7)
(14.9)
(21.4)
(42.9)

1479
864
1589
3155

(20.9)
(12.2)
(22.4)
(44.5)

6072
4573
6195
12476

(20.7)
(15.6)
(21.1)
(42.5)

4721
6163
9103
16407

(13.0)
(16.9)
(25.0)
(45.1)

830
1157
1876
3224

(11.7)
(16.3)
(26.5)
(45.5)

3891
5006
7227
13183

(13.3)
(17.1)
(24.7)
(45.0)

2902
5882
7967
19643

(8.0)
(16.2)
(21.9)
(54.0)

447
1045
1569
4026

(6.3)
(14.7)
(22.1)
(56.8)

2455
4837
6398
15617

(8.4)
(16.5)
(21.8)
(53.3)

*

***

***

***

***

***

***

Note: Percentages may not add up to 1 due to round up.
†p- values were generated by Pearson's Chi-Square test of independence.
*** p <0.001, ** p <0.01, * p <0.05
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Table 4 Descriptive statistics of and correlations between area SED, area social integration and PM 2.5 concentration
among Wisconsin counties (n = 72).
Range

Mean

Standard deviation

Correlation coefficient
(a)

(b)

(a) Area SED

(-4.32, 14.72)

0

2.94

1

(b) Area social integration

(7.80, 23.40)

13.57

3.3

-0.02

1

(c) PM2.5 concentration

(6.82, 11.28)

9.28

1.2

-0.01

-0.43***

(c)

1

Correlations coefficients represent Pearson's r .
*** p <0.001, ** p <0.01, * p <0.05

Figure 8 illustrates the differences in dementia mortality risk by individual- and
contextual-level variables measured by crude ORs generated from univariate logistic regressions.
Among individual-level variables, age had a significant impact on the risk. Compared to the
youngest age group (65-74 years), people who were between 75 and 84 years old (OR = 3.99,
95% CI = 3.51-4.54) and who were 85 years old and over (OR = 9.56, 95% CI = 8.47-10.48)
were much more likely to die with dementia. Being female was associated with higher risk of
dementia mortality compared to being male (OR = 1.86, 95% CI = 1.76-1.97). Non-Hispanic
Black (OR = 0.91, 95% CI = 0.77-1.07), non-Hispanic Other (OR = 0.64, 95% CI = 0.45-0.89),
and Hispanic (OR = 0.75, 95% CI = 0.5-1.11) had lower risks compared to non-Hispanic White.
However, only the difference between non-Hispanic White and non-Hispanic Other was
statistically significant. Although more education was associated with lower risk of dementia
mortality, the difference was minimal and statistically non-significant. Compared to being single,
being married was associated with decreased risk of dementia mortality (OR = 0.68, 95% CI =
0.6-0.76) while being widowed or divorced was associated with higher risk (OR = 1.31, 95% CI
= 1.17-1.47). Having diabetes mellitus (OR = 1.12, 95% CI = 0.97, 1.28) and hypertension (OR
= 1.17, 95% CI = 1.08-1.26) were both associated with higher risk of dementia mortality but
only the latter reached statistical significance. Among all contextual-level variables, area SED
was significantly associated with risk of dementia death. Specifically, living in the second least
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deprived areas (Q2) was associated with 22% less risk of dementia death compared to living in
the least deprived areas (Q1). The risks associated with living in more deprived areas (Q3 and
Q4) were slightly higher than in least deprived areas (Q1) and the differences were not
statistically significant. In terms of area social integration, less socially integrated areas were
associated with higher risk (Q2 vs. Q1, OR = 1.08, 95% CI = 0.98, 1.12; Q3 vs. Q1, OR = 1.22,
95% CI = 1.11-1.33; Q4 vs. Q1, OR = 1.15, 95% CI = 1.05-1.25, respectively) compared to most
integrated areas (Q1). PM2.5 concentration appeared to have a dose-response effect on the risk of
dementia death. The most polluted areas (Q4) were associated with 43% more risk of dementia
death (OR = 1.42, 95% CI = 1.27-1.58) compared to the least polluted areas (Q1).
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Figure 8 Forest plot of crude odds ratios in dementia mortality risk by individual- and contextual-level variables.

In the null multilevel model, the estimated intercept was -1.56 and the variance of
random effect was 0.06 and statistically significant. In an average county in Wisconsin in 2010,
the probability of dementia mortality among older adults was 0.17 (95% CI = 0.12-0.25). The
results from multilevel logistic regression models with predictors are presented in Table 5. In
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model 1, which only included area SED, the second quartile of area SED (Q2) was associated
with significantly lower dementia mortality risk (Q2 vs. Q1: AOR = 0.81, 95% CI = 0.68-0.97).
Q3 and Q4 were associated with elevated dementia mortality risk but the effects were minimal
and not statistically significant. Model 2 included area social integration as an additional
contextual explanatory variable. Results showed that the gradient in the relationship between
area SED and dementia mortality risk did not change significantly when area social integration
was accounted for. The third quartile of area social integration (Q3) was associated with
significantly higher dementia mortality risk compared with Q1 (AOR = 1.28, 95% CI = 1.081.51). Model 3 incorporated all three contextual variables. The second quartile of area SED (Q2)
was still associated with lower dementia risk; however, the third quartile appeared to be
associated with significantly higher risk (AOR = 1.16, 95% CI = 1.00-1.23). Area social
integration showed no relationship between dementia mortality risk when PM 2.5 concentration
was introduced to the model. PM2.5 concentration still maintained the dose-effect relationship
between dementia mortality risk; however, only the coefficient estimates for Q3 and Q4 were
statistically significant (Q3 vs. Q1, AOR = 1.28, 95% CI = 1.08-1.51; Q4 vs. Q1, AOR = 1.34,
95% CI = 1.12-1.60).
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Table 5 Associations between individual- and contextual-level variables and risk of dementia mortality: multilevel
logistic generalized linear mixed models.
Model 1
OR

(95% CI)

Model 2
OR

(95% CI)

Model 3
OR

(95% CI)

Fixed effects
Individual variables
Age, yr (continuous, centered)
Sex
Male
Female
Race/ethnicity
non-Hispanic White
non-Hispanic Black
non-Hispanic Other
Hispanic
Marital status
Single
Married
Widowed/Divorced
Education
High School or Less
Some College or College
Degree
Advanced Degree
Hypertension
No
Yes
Diabetes mellitus
No
Yes
Contextual variables
Area SED
Q1: Least Deprived
Q2
Q3
Q4: Most Deprived
Area social integration
Q1: Most integrated
Q2
Q3
Q4: Least integrated
PM2.5 concentration
Q1: Least polluted
Q2
Q3
Q4: Most polluted
Random effects
Intercept variance
(SD)

Model 4
OR

(95% CI)

Model 5
OR

(95% CI)

2.08*** (2.01, 2.14)

2.07*** (2.01, 2.14)

1
1.41*** (1.33, 1.49)

1
1.41*** (1.32, 1.50)

1
1.2* (1.00, 1.43)
0.91 (0.65, 1.27)
0.98 (0.66, 1.46)

1
1.19 (1.00, 1.42)
0.90 (0.64, 1.27)
0.97 (0.65, 1.44)
1
0.96 (0.85, 1.09)
0.98 (0.87, 1.11)
1
0.97 (0.90, 1.03)
1.10 (0.96, 1.24)
1
1.01 (0.93, 1.10)
1
1.28*** (1.11, 1.48)

1
0.81* (0.68, 0.97)
1.08 (0.91, 1.29)
1.05 (0.88, 1.24)

0.044***
(0.21)

1
0.82* (0.69, 0.97)
1.11 (0.95, 1.31)
1.06 (0.90, 1.24)

1
0.85* (0.73, 1.00)
1.16* (1.00, 1.33)
1.07 (0.93, 1.23)

1
0.85* (0.74, 0.98)
1.18* (1.03, 1.34)
1.08 (0.95, 1.22)

1
0.85* (0.74, 0.98)
1.17* (1.03, 1.34)
1.07 (0.95, 1.22)

1
1.12 (0.90, 1.24)
1.28** (1.08, 1.51)
1.10 (0.93, 1.29)

1
1.04 (0.89, 1.22)
1.14 (0.97, 1.34)
0.96 (0.81, 1.13)

1
1.02 (0.88, 1.18)
1.12 (0.97, 1.30)
0.97 (0.83, 1.13)

1
1.02 (0.88 1.18)
1.12 (0.96, 1.30)
0.97 (0.84, 1.13)

1
1.12 (0.95, 1.32)
1.28** (1.08, 1.51)
1.34** (1.12, 1.60)

1
1.06 (0.90, 1.24)
1.20* (1.03, 1.41)
1.29** (1.09, 1.53)

1
1.06 (0.91, 1.25)
1.21* (1.03, 1.42)
1.29** (1.10, 1.53)

0.035***
(0.19)

0.023***
(0.15)

0.015***
(0.12)

0.015***
(0.12)

Diagnosis
Log-likelihood
-17883.8
-17879.7
-17873.8
-16426.7
-16419.1
AIC
35777.7
35775.4
35769.6
32885.4
32882.1
ICC
0.01
0.01
0.01
0.005
0.005
OR: odds ratio, CI: confidence interval, SD: standard deviation, SED: socioeconomic deprivation, PM: particulate matter, AIC: akaike information criterion,
ICC: intraclass correlation.
*** p< 0.001, ** p< 0.01, * p< 0.05
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After accounting for the individual-level covariates (model 4 and 5), the direction, size
and statistical significance of the main fixed effects of contextual-level predictors changed little
from those estimated in model 3. Model diagnostics suggested that model 5 performed the best
among all the models. In the fully-adjusted model (model 5), the 2nd quartile of area SED was
associated with significantly lower dementia mortality risk (AOR = 0.85, 95% CI = 0.74-0.98);
while the 3rd quartile of area SED was significantly associated with higher dementia mortality
risk (AOR = 1.17, 95% CI = 1.03-1.34). Although people in the most deprived areas had higher
dementia mortality risk compared to those in the lease deprived areas, the difference was
statistically insignificant. Area social integration showed no statistically significant relationship
with dementia mortality risk. PM2.5 concentration remained a significantly factor, with
individuals residing in the most polluted areas (Q4) 29% more likely to die from dementia (AOR
= 1.29, 95% CI = 1.10-1.53) compared to those in the least polluted areas (Q1). To test whether
the associations between environmental factors and dementia mortality risk differed by
demographic cohort, cross-level interaction terms (e.g. sex*area SED) were added separately to
the fully adjusted model. The results did not suggest any significant interaction effects between
all three environmental factors with age (as a continuous variables), race/ethnicity or sex.
Due to reduced physical mobility, older adults have increased reliance on the social
connections or resources in their communities to maintain health. It is reasonable to assume that
local contexts are more important on the health and wellbeing of older people, especially the
oldest old. To test whether the associations between socio-physical environments of interest and
dementia mortality risk vary by age, the sample was stratified into three age groups (65-74 years,
75-84 years, 85 years and over) and the full-adjusted multilevel logistic regression analysis was
carried out on the cohorts separately. Results presented in Table 6 showed that PM2.5
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concentration was strongly associated with dementia mortality risk for people in the 65-74 years
age cohort, with people residing in the most polluted areas (Q4) more than two times more likely
(AOR = 2.12, 95% CI = 1.17-3.84) to die from dementia compared to their counterparts in the
least polluted areas (Q1). However, area SED and social integration did not seem to be
associated with the risk for this cohort. For people aged 85 years and over, while PM2.5
concentration remained a significant factor, the association was not as eminent as it was for the
youngest cohort. It could be that the younger individuals in the sample were able to participate in
more outdoor activities, and thus were more vulnerable to the influences of air pollution. Also,
the association between area SED and dementia mortality risk emerged for the oldest old.
Specifically, individuals residing in the 3rd quartile of area SED had much higher risk (Q3 vs.
Q1, AOR = 1.21, 95% CI = 1.06-1.38). For the oldest old, they tend to retrieve from public life
due to diminished physical abilities and become more tethered to their home environments.
Social isolation hence had a stronger effect compared to their younger counterparts. Although
people living in less socially integrated areas had higher risk of dementia mortality, the
differences were not statistically significant.
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Table 6 Associations between contextual-level variables and risk of dementia mortality by age group.
65-74 years

Variable
OR

75-84 years

(95% CI)

OR

(95% CI)

85 years and over
OR

(95% CI)

Area SED
Q1: Least Deprived
1
1
1
Q2
0.83
(0.53, 1.30)
0.76**
(0.63, 0.91)
0.86
(0.75, 1.00)
Q3
1.12
(0.78, 1.62)
1
(0.86, 1.17)
1.21**
(1.06, 1.38)
Q4: Most Deprived
0.98
(0.71, 1.35)
0.96
(0.84, 1.10)
1.08
(0.96, 1.22)
Area social integration
Q1: Most integrated
1
1
1
Q2
1.02
(0.62, 1.70)
0.88
(0.72, 1.07)
1.07
(0.92, 1.25)
Q3
1.08
(0.66, 1.77)
1.02
(0.84, 1.24)
1.13
(0.97, 1.32)
Q4: Least integrated
0.89
(0.55, 1.45)
0.84
(0.69, 1.03)
1.04
(0.89, 1.22)
PM2.5 concentration
Q1: Least polluted
1
1
1
Q2
0.95
(0.50, 1.80)
1.04
(0.82, 1.32)
1.09
(0.91, 1.30)
Q3
1.85*
(1.04, 3.31)
1.19
(0.95, 1.49)
1.21*
(1.02, 1.44)
Q4: Most polluted
2.12*
(1.17, 3.84)
1.23
(0.97, 1.55)
1.25*
(1.04, 1.49)
OR: odds ratio, CI: confidence interval, SED: socioeconomic deprivation, PM: particulate matter
All models were adjusted for sex, age (centered), race/ethnicity, marital status, education, hypertension and diabetes mellitus.
*** p< 0.001, ** p< 0.01, * p< 0.05

4.4 Discussion
Using the death certificates of Wisconsin residents in 2010 as a sample, this study
investigated the associations between three socio-physical environmental factors and individual
dementia mortality within a multilevel framework. It was found that there was a significant
association between area socioeconomic deprivation and dementia mortality risk, net of
individual-level covariates and other contextual level variables. Specifically, living in the least
deprived areas was associated with the lowest risk of dementia death; however, only the 3 rd
quartiles of area social deprivation was associated with significantly higher risk. Area social
integration showed a non-linear association with individual dementia mortality risk, too. Midlevel area social integration was linked with significantly higher individual dementia mortality
risk; while the risk in areas that were the least and most integrated did not differ significantly.
Ambient air pollution, measured by PM2.5 concentration, was significantly associated with
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individual dementia mortality risk with a positive gradient, independent of individual and other
contextual covariates.
There are a number of ways in which living in a socio-economically deprived area can
“get in our brain.” Community studies of the effects of socio-environmental factors on cognitive
health emphasize the role of psychosocial and physiological stress responses. Studies have
shown that chronical exposure to social stressors such as neighborhood socioeconomic
disadvantage and social disorders may prompt a psychosocial stress response commonly found in
people with cognitive impairments (Oei et al., 2006; Ailshire et al., 2017). Meanwhile, living in a
socio-economically deprived neighborhood may also induce several neuro-damaging
physiological changes in our brain. First, short-term exposure to stressors increases the
production of stress hormones, which may help individuals to adapt to adverse situations (Taylor
et al., 1997). However, when activation of such stress response is prolonged and chronic, it can
result in the overproduction of glucocorticoid hormones (e.g., cortisol) and cytokines (McEwen
& Tucker, 2011), which has been associated to damage in the brain structures involved in
cognition and mental health (De Kloet et al., 1999; Sapolsky, 1999; Forget et al., 2000; Landfield
et al., 2007; Lupien et al., 2009). Second, repeated and chronic activation of stress responses may
contribute to vascular problems such as hardening of arteries and hypertension (Plante, 2002;
Spruill, 2010), both of which may increase the risk for cognitive impairment and dementia (Nash
and Fillit, 2006; Nagai et al., 2010). And finally, overproduction of those stress hormones may
increase one’s susceptibility to environmental toxins detrimental to cognition (McEwen, 1992).
The results did not show a gradient in dementia mortality risk by area SED. Living in the 2nd
quartile of area SED was associated with significantly lower risk of dementia death while living
in the 3rd quartile was associated with significantly higher risk. The reasons are unclear. It is
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possible that living in the most deprived areas increases the chance of dying from other fatal
diseases such as heart disease and stroke at early ages, before dementia could be even developed.
The hypothesis that living in more socially integrated areas may be associated with lower
risk of dementia death was not confirmed by the results. Instead, the coefficient estimates
suggested that intermediate level area social integration was associated with higher risk of
dementia death, although the differences were not statistically significant. Why the relationship
between area social integration and dementia mortality risk shows such pattern is unclear. In
examining the effects of community social environment on the mortality of individuals with
serious illness, Wen and colleagues (Wen et al., 2005) also found that higher levels of social
network density was detrimental, as it was associated with lower probability of survival. The
authors found in their data that areas with higher levels of social integration also had more crime
and violence and were more socioeconomically deprived. Morenoff and colleagues also found a
relationship between high levels of social integration and low community socioeconomic status
(Morenoff et al., 2001). The social disorganization theory posits that when large scale social
disorders emerge, residents tend to form groups or alliances with other members in the
community to cope with these problems. In the social capital literature, the structural social
capital, often measured by the density of social networks or civic engagement patterns (Islam et
al., 2006), only captures one dimension of the concept. Cognitive social capital, referred to as
residents’ perceptions of their local communities including the sense of belonging, trust, and
satisfaction (Uphoff et al., 2013), may be more important to cognitive health. It is possible that
individuals living in areas of higher levels of structural social capital may be more exposed to
various unfavorable community environment conditions, and thus possess more negative
cognitive social capital towards their local communities that could be detrimental to cognitive
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health. Using the density of social networks may not be adequate in capturing the dynamics and
processes that community social integration may influence dementia mortality risk.
The direction of the relationship between air pollution and risk of dementia mortality was
within expectations. Higher level of PM2.5 concentration was associated with higher risk of
dementia mortality, in a dose-response manner. As shown in Table 5, in the model that only
accounted for contextual variables, the highest quartile of PM2.5 concentration was associated
with 34% more likely of a death attributable to dementia compared to the lowest quartile.
Controlling for individual level socio-demographic and comorbidities variables and other
contextual variables slightly reduced the elevated risk. Living in the most polluted areas was still
associated with significantly higher risk of dementia death (29% more likely). Age-stratified
analysis showed that air pollution was associated with significantly greater risk of dementia
mortality among the 65-74 years age cohort. The mechanisms through which exposure to air
pollution may cause cognitive damage may be multifaceted. It has been reported that long-term
air pollution is associated with increased biomarkers of neuroinflammation (CalderónGarcidueñas et al., 2008), an altered innate immune response in the brain and disruption of the
blood-brain barrier (Calderón-Garcidueñas et al., 2008), smaller total cerebral brain volume and
greater risk of covert brain infarcts (Wilker et al., 2015), and smaller deep-gray brain volumes
(Power et al., 2018). All of these physiological changes in the brain may contribute to the
differential risks associated with PM2.5 concentration.
To the author’s knowledge, this is the first study to examine the combined effects of three
socio-physical environmental factors and the risk of dementia mortality. Informed by current
literature on environmental influences on cognitive impairment and dementia, it examined the
associations between area socioeconomic deprivation, area social integration and air quality of
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local communities and residents’ risk of dementia death. The results added new evidence
supporting significant associations between all three environmental factors and dementia
mortality risk, despite that some associations were in unexpected directions. Another strength is
the large multiethnic sample in the study. The sample ensured that different population cohorts
were adequately represented and that there were considerable variabilities in the values of
environmental measurements. At last, multilevel logistic regression models were used to account
for the nesting of individuals within places of residence. Based on the assumption that disease
determinants are best conceptualized and measured at the individual level, most epidemiological
research on dementia risk so far tend to explain individual-level outcomes with individual-level
variables only. By simultaneously taking into account individual- and contextual-level variables,
the multilevel models reduced the estimation biases stemmed from the false assumption that
individuals are independent even they may share common environmental influences. The results
help better differentiate the “independent” effects of contextual factors on dementia mortality
risk.
Major implications from the results suggest that areas with intermediate SED and social
integration had higher risk of death attributable to dementia. Although the mechanisms
responsible for such patterns are not entirely clear, I argue that by continuing improving the
socioeconomic conditions of local communities, it may have positive effects on reducing
dementia mortality risk of residents. The result that mid-level area social integration is associated
with higher dementia mortality risk is surprising. Further research is needed to examine the
effects of other dimensions of social capital on dementia mortality risk. Moreover, we need to
look deeper into community processes to see whether social integration is related (as a response
mechanism) to other social stressors other than socioeconomic deprivation that may increase
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dementia risk. Current recommendations for dementia prevention include physical exercise
(Middleton and Yaffe, 2009; Livingston et al., 2017). However, the results suggest that the
benefits of physical activity may be greatly discounted if the environment in which we exercise
is abundant with pollutants. The relatively younger age cohort in the sample was more effected
by its negative effects, as illustrated in the results, possibly because they are more exposed to air
pollution. The monitoring and regulation of air pollution, particularly fine particulate matters, in
our living environments should be integrated as part of the dementia prevention framework.
This study has several limitations, too. First, the under-diagnosis and under-reporting of
dementia are well documented (Falagas et al., 2007; Connolly et al., 2011; Romero et al., 2014).
The lack of medical facilities and personnel necessary for accurate diagnosis and reporting of
dementia in highly socioeconomically deprived areas might contribute to the findings that living
in those areas was associated with lower risk of dementia mortality. Second, hypertension and
diabetes mellitus were used to adjust for comorbidity risk factors. However, empirical studies
have shown that community environments may affect the prevalence/incidence of both diseases
(Mujahid et al., 2008; Forest et al., 2009). The indirect effects of the three socio-physical
environmental factors on dementia mortality risk through those comorbidity risk factors were not
examined in the study. The total effects of the environmental factor might be greater than the
main effects estimated in the models. Third, contextual effects on health is best examined at the
geography at which those factors are operating (Pickett and Pearl, 2001), meaning that the choice
of areal unit of analysis by which context is conceptualized and measured should be informed by
theories and empirical research on the mechanisms by which context may affect the health
outcome of interest. These arguments are compelling on theoretical grounds. However, more
often in place effects on health research, administrative units such as census tract or block group
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are frequently used as the areal unit of analysis, due to the fact that ecological data for those units
are routinely collected and published. For dementia mortality, it is extremely difficult to justify
an optimal areal unit of analysis, partly because we still lack knowledge of how environments
may affect the risk. county was chosen as the areal unit because it is the finest geography at
which all death certificates can be geocoded. Fourth, the associations between environmental
factors and the risk of dementia mortality presented in the results could not be used to infer
causality due to the cross-sectional nature of the study. The processes leading to dementia death
are gradual and cumulative. This issue is accentuated by the fact that people move throughout
their lives and thus environmental exposures may vary significantly at different life stages.
Examining the histories of exposures to the three environmental factors over the life course
might be more informative than exposures at a given time. Future work will need to investigate
lifelong exposure of relevant environmental factors and its effects on dementia mortality risk.

4.5 Conclusion
This study investigates whether socio-physical environments are associated with
individual dementia mortality risk. In contrast to conventional cohort studies, it was able to
assess the independent effects of three environmental factors (area socioeconomic deprivation,
area social integration and air pollution) while accounting for individual-level sociodemographic and comorbidity factors. The results provided cross-sectional evidence that all three
environmental factors were significantly associated with disparities in dementia mortality risk.
Future work is needed to investigate why mid-level area socioeconomic deprivation and social
integration are associated with increased risk of dementia mortality. Among the three
environmental factors, PM2.5 concentration might have the most significant effects. Public health
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policies aiming at dementia prevention and intervention need to address the air quality issue in
local communities. Compared to other measures that improve our living environment, reducing
air pollution, especially fine particulate matters, might be an effective strategy to reduce
dementia mortality.
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CHAPTER 5: ASSESSMENT OF CHANGES IN THE PLACE OF DEATH OF OLDER
ADULTS WHO DIED FROM DEMENTIA IN THE UNITED STATES, 2000-2014

5.1 Introduction
Largely due to population ageing and increasing longevity, mortality among older adults
(defined as persons aged 65 years and older) from a dementia-related disease in the U.S. is
expected to increase drastically in the near future (Weuve et al., 2014). This trend, showing no
sign of deceleration, tests the federal and state health care systems’ capability to adequately and
efficiently provide quality end-of-life care for this population (Houttekier et al., 2010). Many
empirical studies have suggested that the place of death is an indicator of the quality of end-oflife care because it is associated with the types of care that are available to patients, health and
social care utilization, and life satisfaction (Lane et al., 1998; Volicer et al., 2003; Teno et al.,
2004; Houttekier et al., 2010; Wright et al., 2010). It is generally reported that, compared with
those who died at other places, patients who died at home, especially with hospice services, had
better quality of life, experienced fewer symptoms and less discomfort, and their caregivers were
less likely to develop psychiatric illness (Volicer et al., 2003; Teno et al., 2004; Wright et al.,
2010). For reasons mentioned above, most people prefer to die at home (Deliens et al., 2013;
Fischer et al., 2013).
Existing studies of place of death in the U.S. and other countries predominately focused
on all-cause or cancer-specific deaths (Gruneir et al., 2007). Only a few studies examined
patients who died from a dementia-related disease. For example, using Medicaid-eligible persons
with dementia (in the cited study, dementia is not necessarily the underlying cause of death) in
the South Carolina Alzheimer's Disease Registry between 1988 and 1994, Lane et al. (1998)
found that 8% of the study group died at home, 13% died at mental health nursing facilities, 27%
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died in nursing homes, and 51% died in hospitals (including hospice). Analysis between place of
residence near death and place of death indicated that a substantial number of people transitioned
from residential homes to hospital and nursing homes at the end of life. A national study of the
location of death for U.S. older persons whose underlying cause of death was dementia showed
that in 2011, the most common place of death was nursing home (66.9%), followed by hospital
(15.6%), home (12.7%) and other (4.7%) (Mitchell et al., 2005). Using a random 20% sample of
fee-for-service Medicare beneficiaries in 2000, 2005 and 2009, Teno et al. (2013) found that
decedents with a dementia diagnosis were less likely to die at home and in acute care hospitals
and more likely to die in nursing homes, compared to those with a diagnosis of cancer
and chronic obstructive pulmonary disease. Also, decedents with a dementia diagnosis were
more likely to die at home and nursing home and less likely to die in an acute care hospital in
2009, as compared to 2000.
The distributions of place of death of dementia patients in European countries were quite
different. In Finland, primary care hospital (39.8%) was the most common place of death among
people with dementia in 2013, followed by sheltered housing with 24-hour assistance (24.7%)
and nursing home (20.8%). Home death was rare (8.1%). Over the study period, the proportion
of deaths in primary care hospitals decreased while the proportion of home deaths increased
(Masuchi et al., 2018). In Belgium, 58.2% of dementia patients died in a care home in 2008,
compared to 24.6% in hospital, 13.4% at home, and 3.0% in a palliative care unit (Meeussen et
al., 2012). In England, Sleeman et al. (2014) found that the trend towards increasing hospital
deaths of dementia patients had reversed during 2001 and 2010 and that nursing home bed
availability was a key factor. Houttekier et al. (2010) examined the place of death of older
persons with dementia in five European countries: Belgium, the Netherlands, England, Scotland,

69

and Wales. They found that between 50% (Wales) and 92% (Netherlands) of patients with
dementia died in a nursing home and between 3% (Netherlands) and 46% (Wales) died in
hospital. Home death was rare (3–5%), except in Belgium (11%). In another study
of international variation in place of death of older people who died from dementia in 14
European and non-European countries, Reyniers et al. (2015) found substantial differences in the
frequency distributions of places of death (proportion of home death: from 3.4% in Canada to
69.3% in Mexico; hospital death: from 1.6% in the Netherlands to 73.6% in South Korea; longterm care setting: from 5.5% in South Korea to 93.1% in the Netherlands).
A multitude of factors can influence the place of death of dementia patients, including
age (Mitchell et al., 2005; Masuchi, 2013; Badrakalimuthu and Barclay, 2014; Sleeman et al.,
2014; Reyniers et al., 2015), sex/gender (Masuchi, 2013; Badrakalimuthu and Barclay, 2014;
Sleeman et al., 2014; Reyniers et al., 2015), marital status (Sleeman et al., 2014; Reyniers et al.,
2015), education level (Reyniers et al., 2015), living with a relative (Escobar Pinzon et al., 2013),
hospice enrollment (Badrakalimuthu and Barclay, 2014), urbanization of place of residence
(Sleeman et al., 2014; Reyniers et al., 2015), area deprivation (Sleeman et al., 2014), and
availability of health care resources (e.g. general practitioners and hospital/nursing home bed)
(Mitchell et al., 2005; Badrakalimuthu and Barclay, 2014; Sleeman et al., 2014; Reyniers et al.,
2015), although the relationships may vary between countries.
The distribution of place of death of U.S. older adults who died from dementia has not
been updated since the publication of Mitchell et al. (2005) and how the changes were related to
the provision of health care resources is unknown. To bridge this knowledge gap, this article
examines the trends in place of death among U.S. older adults who died from dementia-related
diseases during 2000 and 2014. It aims to address the following questions:
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1) What is the frequency distribution of place of death among older adults who died from
dementia in the U.S.? How has it changed over time?
2) What are the interstate variations in the changes?
3) What are the associations between place of death and structure of social and health
service delivery at the state level?
4) What are the implications for national and state health policies aimed at improving the
quality of end-of-life care for dementia patients?

5.2 Data and methods
5.2.1 Data
The data for this study were drawn from all death certificates completed during 2000 and
2014 in the United States (NCHS, n.d.). The NCHS uses the International Classification of
Diseases, Tenth Revision (ICD-10) to select the causes of death of each decedent. Among all
death certificates, those of older adults with a dementia-related disease (ICD-10 codes: F01, F02,
F03, G30) as the underlying cause of death were examined in this study. The place of death
includes decedent’s home, nursing home/long-term care, hospital and other.1 Sociodemographic
characteristics (including sex, race/ethnicity, age at death, marital status, and educational
attainment) and the state of residence of the decedents were extracted. These data were used to
examine the disparities in place of death between different population cohorts and states.

1

The National Center for Health Statistics started to record Hospice facility as a stand-alone Place of death category
on death certificates in 2003. In that year, only 178 deaths (1.8‰ of all dementia deaths) occurred at hospice
facilities in the United States and those deaths were concentrated in 5 states, including Arkansas, California, Idaho,
Montana, and New York. Also, according to the National Hospice and Palliative Care Organization, only 1.3% of
days of hospice care were provided at Hospice Inpatient Facility in 2016
(https://www.nhpco.org/sites/default/files/public/Statistics_Research/2017_Facts_Figures.pdf). Using Hospice
facility as a category of Place of death in this study does not reflect the actual use of hospice care among dementia
patients. Thereby, hospice facility was combined into the Other category.
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I examined associations between three state health system factors and the place of death
of U.S. older adults who died from dementia:
1) Socio-demographic structure of decedents from dementia (SDS). A patient’s sociodemographic attributes can affect his/her place of death. The socio-demographic structure of
decedents who reported dementia as the underlying cause of death was included in the panel data
regression models. The structure was measured by variables including percentage of decedents
who were aged 85 years and older, percentage of decedents who were female, percentage of
decedents who were non-Hispanic White, percentage of decedents who were married, and
percentage of decedents who had high school or lower educational attainment. These percentages
were generated from the death certificates.
2) Care facility resources. Two variables indicating the availability of care facility
resources, including the number of hospital beds (HB) per 1,000 population and the number of
nursing home beds per 1000 older adults (NHB), were included in this study. The yearly hospital
beds per 1,000 population were generated by Henry J Kaiser Family Foundation with the
American Hospital Association Annual Survey data. (Henry J Kaiser Family Foundation, n.d.).
The yearly numbers of nursing home beds by state were obtained from the NCHS website
(NCHS, 2018). Census and intercensal estimates of state population by age groups were used to
calculate the yearly number of nursing home beds per 1000 older adults across the years (U.S.
Census Bureau, 2012b, 2018).
3) Public care financing. The structure of federal and state spending on long-term care
may affect where dementia patients die. This study included yearly state price-, age-, sex-, and
race-adjusted Medicare reimbursement per enrollee (Part A and Part B) (CMHS (Continuous
Medicare History Sample)- or claim-based home health agencies (HHA) reimbursement, CMHS-
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or claim-based hospital and skilled nursing facility (HSNF) reimbursement 2) and yearly state
Medicaid expenditures (total federal and state Medicaid expenditure on institutional long-term
services and supports 3 (LTSS), Medicaid expenditure on home and community based services
(HCBS)). State population mentioned above was also used to calculate the Medicaid
expenditures on institutional LTSS and HCBS per older adults by year and state.

5.2.2 Analytical approach
Multivariate regression analysis was used to examine the relationships between various
state factors on place of death of dementia patients. One of the advantages of the dataset is that it
is a time series/panel data. Using fixed-effects panel models allows for control of the
confounding of unobserved factors on the effects of variables of interest on place of death. The
dependent variable was logit-transformed percentage of deaths at a certain place among all

2 CMHS-based

Medicare reimbursement rate was calculated from 5% sample of Medicare beneficiaries provided in
the Continuous Medicare History Sample (CMHS) file. As the Medicare payment shifted toward the claim-based
method, the CMHS-based method was discontinued by the Centers of Medicaid and Medicare (CMS). The
Dartmouth Atlas (https://atlasdata.dartmouth.edu) provides state level CMHS-based Medicare reimbursement for
years 1992-2007 and started calculating claim-based reimbursement from 2003 (discussions of the differences
between the 5% CMHS sample and the 20% claim sample can be found at
https://atlasdata.dartmouth.edu/pdf/PA_Spending_Report_0611.pdf ). As the website states, “The availability of
comprehensive claims files and the greater number of patients represented in a 20% sample (20% of patients
included in the CMS physician/Supplier Part B file) have made it feasible to calculate per capita spending directly
from the claims data.” By comparing the 2007 CMHS-based sample and claims-based sample, the researchers found
that the two hospital referral regions (HRR) level per capita Medicare spending, as well as spending growth rates,
calculated from the two samples were highly correlated. They conclude that it is acceptable to “chain” the two
datasets to construct a dataset covering a longer period. In this study, data for years 2000-2003 were CMHS-based
and data for years 2004 and afterward were claims-based.
According to Centers for Medicare & Medicaid Services, the term “institution”, in the context of federal Medicaid
requirements, refers to residential facilities that “assume total care of the individuals who are admitted.” The
services provided are “hospital services, Intermediate Care Facilities for People with Intellectual disability (ICF/ID),
Nursing Facility (NF), Preadmission Screening & Resident Review (PASRR), Inpatient Psychiatric Services for
Individuals Under Age 21, and Services for individuals age 65 or older in an institution for mental diseases.” For
more details, see https://www.medicaid.gov/medicaid/ltss/institutional/index.html
3

73

dementia deaths. The independent variables were state factors mentioned in the data section. The
state was the unit of analysis. The fixed-effects panel models can be specified as following:
logit(𝑃𝑟𝑖𝑡 ) =  𝛽0 + 𝛽1 𝑆𝐷𝑆𝑖𝑡 + 𝛽2 𝐻𝐵𝑖𝑡 + 𝛽3 𝑁𝐻𝐵𝑖𝑡 + 𝛽4 𝐻𝐻𝐴𝑖𝑡 + 𝛽5 𝐻𝑆𝑁𝐹𝑖𝑡 +
𝛽6 𝐼𝐿𝑇𝑆𝑆𝑖𝑡 + 𝛽7 𝐻𝐶𝐵𝑆𝑖𝑡 + 𝜀𝑖𝑡 

(3)

where 𝑃𝑟𝑖𝑡 is the outcome variable for state i at year t, such as the percentage of home deaths in
the year 2000. 𝛽0 is the intercept. 𝛽1 …𝛽7 are the coefficients of interest. And 𝜀𝑖𝑡 is the random
error term. Since 𝑃𝑟𝑖𝑡 is a percentage, using it directly as the dependent variable in the regression
models could result in the problem that the predicted outcome/percentage falling outside the [0, 1]
range. To mitigate this issue, the percentage variable was logit-transformed.

5.3 Results
5.3.1 National trends
There were 75,442 older adults who died from a dementia-related disease as the
underlying cause in year 2000, of which 9,375 (12.4%) died at decedent’s home, 11,801 (15.6%)
died at hospital, 51,209 (67.9%) died at nursing home/long-term care, and 3,057 (4.1%) died at
other places. In the year 2014, 223,011 older adults died from a dementia-related disease as the
underlying cause, of which 46,802 (21.0%) died at decedent’s home, 21,626 (9.7%) died at
hospital, 123,981 (55.6%) died at nursing home/long-term care, and 30,602 (13.7%) died at other
places. Figure 9 shows the yearly proportions of different places of death during the study period.
As one can observe, there was a steady increase in the proportions of deaths at the decedent’s
home and other places during the study period; while the proportions of deaths at institutional
settings such as nursing home/long-term care facilities and hospitals had decreased. Chi-squared
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(χ2) testing for trend in proportions showed that the proportions of death across settings had
changed significantly over the years (p<0.01 for all four categories).
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Figure 9 National trends in the place of death of older adults with dementia as the underlying cause in the United
States, 2000-2014.

Table 7 shows the numbers and percentages of dementia deaths at different places of
death in the years 2000 and 2014, by socio-demographic characteristics. In 2000, the percentage
of nursing home/long-term care death was much higher in females compared to males (female:
70.8% vs. male: 60.9%) whereas the proportion of hospital death in females was significantly
lower (female: 12.8% vs. male: 22.6%). Percentages of deaths at decedent’s home as well as
other places did not differ significantly between the sexes. Non-Hispanic whites were less likely
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to die at their home and hospital compared with other racial/ethnic groups; while they were much
more likely to die at nursing home/long-term care facilities (approximately 7 out of 10 nonHispanic whites versus less than half for other race/ethnicity groups). Hispanics had the highest
percentage of home death while non-Hispanic blacks had the highest percentage of hospital
death. Age as also significantly associated with where people died. Decedents who died at earlier
ages were more likely to die at home and hospital; those who died at older ages were
increasingly more likely to die in a nursing home/long-term care setting. Decedents who were
married were more likely to die at their home and hospital and less likely to die at nursing
home/long-term care. In terms of education attainment, those who were more educated were
more likely to die at home and less likely to die at nursing home/long-term care.
Decedents in 2014 were more likely to die at home and other places and less likely to die
at hospital and nursing home/long-term care settings across population cohorts. Moreover, the
differences between population cohorts for the year 2000 persisted into 2014. Compared with
males, females were still more likely to die at nursing home/long-term care facility (57.8% vs.
51.0%) and less likely to die at hospital (8.2% vs. 13.0%), although the difference between sexes
was not as pronounced as in 2000. Non-Hispanic Whites had the smallest increase (7.6%) in the
proportion of home deaths and the largest decrease (11.7%) in the proportion of nursing
home/long-term care deaths compared with other racial/ethnic groups. Hispanics were
equivalently split between home and nursing home/long-term care deaths (34.8% vs. 34.5%);
however, non-Hispanic white decedents were much more likely to die at a nursing home/longterm care setting rather than at home (58.2% vs. 19.4%). Older age was still associated with
dying in a nursing home/long-term care facility rather than at home or hospital. The oldest old
age group (85 years and over) had the largest increase in the proportion of home death and
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largest decrease in the proportion of nursing home/long-term care facility death. Decedents who
were married at death were much more likely than their counterparts to die at home and much
less likely to die at a hospital in 2014. Decedents who were widowed/divorced had the largest
decrease in the proportion of nursing home/long-term care death. Lastly, the decrease in the
proportion of nursing home/long-term care death was slightly more pronounced for decedents
who had some college education or a college degree; the increase in the proportion of home
death was less pronounced for decedents who had advanced degree education.
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Table 7 Distribution of place of death for US older adults whose underlying cause of death was a dementia-related disease in 2000 and 2014, n(%).
2000

2014
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Decedent's home

Hospital

Nursing home /
long term care

Other

Decedent's home

Hospital

Nursing home /
long term care

Other

All deaths
Sex
Male

9375 (12.4)

11801 (15.6)

51209 (67.9)

3057 (4.1)

46802 (21.0)

21626 (9.7)

123981 (55.6)

30602 (13.7)

2704 (12.3)

4949 (22.6)

13341 (60.9)

925 (4.2)

Female
Race/ethnicity

6671 (12.5)

6852 (12.8)

37868 (70.8)

2132 (4.0)

14894 (21.3)
31908 (20.8)

9106 (13.0)
12520 (8.2)

35622 (51.0)
88359 (57.8)

10290 (14.7)
20312 (13.3)

non-Hispanic White

8142 (11.8)

9799 (14.2)

48174 (69.9)

2818 (4.1)

37093 (19.4)

16390 (8.6)

111365 (58.2)

26424 (13.8)

non-Hispanic Black

710 (16.8)

1345 (31.8)

2041 (48.2)

139 (3.3)

non-Hispanic Other
Hispanic

116 (18.2)
407 (24.9)

188 (29.4)
469 (28.7)

301 (47.1)
693 (42.4)

34 (5.3)
66 (4.0)

4808 (28.3)
1290 (29.3)

2931 (17.3)
715 (16.3)

7188 (42.4)
1850 (42.1)

2045 (12.0)
544 (12.4)

3611 (34.8)

1590 (15.3)

3578 (34.5)

1589 (15.3)

839 (17.6)
3512 (14.2)

1057 (22.2)
4502 (18.2)

2665 (56.0)
15641 (63.2)

194 (4.1)
1084 (4.4)

5024 (10.9)

6242 (13.6)

32903 (71.6)

Age group
65-74 years
75-84 years
85 years and over
Marital status
Single

2864 (23.6)

1666 (13.7)

5879 (48.5)

1717 (14.2)

1779 (3.9)

13020 (22.6)
30918 (20.2)

6567 (11.4)
13393 (8.7)

29872 (51.9)
88230 (57.6)

8132 (14.1)
20753 (13.5)
1076 (10.6)

317 (7.8)

612 (15.1)

3008 (74.0)

128 (3.1)

1345 (13.3)

1159 (11.5)

6542 (64.6)

3466 (16.9)
5592 (11.0)

4156 (20.3)
7033 (13.8)

11973 (58.5)
36228 (71.1)

859 (4.2)
2070 (4.1)

16208 (27.7)

6822 (11.6)

27109 (46.3)

8462 (14.4)

29249 (19.0)

13645 (8.8)

90330 (58.5)

21064 (13.7)

High School or Less

6645 (11.9)

8950 (16.0)

38369 (68.5)

2038 (3.6)

Some College or College Degree
Advanced Degree

2159 (13.6)
571 (16.1)

2303 (14.5)
548 (15.5)

10612 (66.8)
2228 (62.8)

820 (5.2)
199 (5.6)

31052 (20.4)
12542 (21.8)
3208 (23.6)

15231 (10.0)
5142 (9.0)
1253 (9.2)

86124 (56.7)
30933 (53.9)
6924 (50.9)

19598 (12.9)
8797 (15.3)
2207 (16.2)

Married
Widowed/Divorced
Education attainment

5.3.2 State variations
There were significant interstate and temporal variations in the percentages of
dementia death at different places, the socio-demographic structures of decedents, and
state health care resources (see Table 8). Among all states and the District of Columbia,
the percentage of decedents who died at home averaged at 15.8%, with a range between 0%
and 54.1%. The average yearly percentages of decedents who died at hospital, nursing
home/long-term care and other places were 12.7%, 63.4% and 8.1%, respectively. The
percentages of decedents who died at home and hospital peaked around 50%; however,
the highest percentage of deaths at nursing home/long-term care reached 100% (South
Dakota, years 2000-2002).
States also varied in terms of the socio-demographic structure of their dementia
decedents across the years. The average percentage of decedents who were age 85 years
and older was 64.9%; the average percentage of those who were female was 69.7%; the
average percentage of those who were non-Hispanic white was 88.8%; an average of 26.4%
of decedents were married at the time of death; an average of 70.9% of decedents had an
education attainment of high school or less.
As for state care facility resources, the average number of hospital beds per 1000
population was 2.9 and the average number of nursing home beds per 1000 older adults
was 9.8. The average number of hospital beds per 1000 population ranged from 1.7 to 6.2.
There was substantial variability between states in nursing home bed resources, as the
highest number (37.3, Iowa in 2012) was nearly 25 times greater than the lowest (1.5,
Alaska in 2010). Figure 10 and Figure 11 show the trends in hospital bed and nursing
home bed availability between 2000 and 2014 by state.
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Trend in hospital bed availability, 2000−2014
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Figure 10 Trend in the number of hospital beds per 1000 population between 2000 and 2014 by state.
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Trend in nursing home bed availability, 2000−2014
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Figure 11 Trend in the number of nursing home beds per 1000 older adult between 2000 and 2014 by state.
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Medicare reimbursement rates were also considerably different between states.
The reimbursement rate on home health agency (HHA) averaged at 400 U.S. dollars, with
a range of 100 and 1,400; while the reimbursement rate on hospital and skilled nursing
facility (HSNF) had an average value at 4,000 dollars, with the range of 2,400 and 5,700.
Medicaid expenditure on institutional long-term services and supports (LTSS) per older
adults in 1000 dollars averaged at 0.38, with a range of 0 and 2.5; while the expenditure
on home and community-based services (HCBS) averaged at 0.34, ranging from 0 to 3.2.
Figure 12 to Figure 15 show the trends in state Medicare reimbursement rates on HHA
and HSNF and Medicaid expenditures on institutional LTSS and HCBS between 2000
and 2014.
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Trend in Medicare reimbursement rate on HHA, 2000−2014
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Figure 12 Trend in Medicare reimbursement rate on home health agencies (HHA) between 2000 and 2014
by state.
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Trend in Medicare reimbursement rate on HSNF, 2000−2014
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Figure 13 Trend in Medicare reimbursement rate on hospital and skilled nursing facilities (HSNF) between
2000 and 2014 by state.
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Trend in Medicaid expenditure on institutional LTSS, 2000−2014
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Figure 14 Trend in Medicaid expenditure on institutional long-term services and supports (LTSS) per older
adult between 2000 and 2014 by state.
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Trend in Medicaid expenditure on HCBS, 2000−2014
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Figure 15 Trend in Medicaid expenditure on home and community-based services (HCBS) per older adult
between 2000 and 2014 by state.
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Figure 16 shows the state changes in the percentage of deaths at difference places
between 2000 and 2014 (Red dots represent the year 2000 and blue dots represent the
year 2014. All states and District of Columbia are ordered by the percentage in 2014.).
Utah had the highest percentage of deaths at home (54.1%) in 2014 among all, followed
by Alabama (40.3%), New Mexico (31.4%), Hawaii (30.7%), and Louisiana (29.5%).
The states with the lowest percentages of home death in 2014 were South Dakota (5.4%),
North Dakota (6.5%), Iowa (7.2%), Nebraska (9.3%), and Wisconsin (10.4%). Utah also
had the largest increase in the percentage of home deaths among all states and DC, from
21.7% in 2000 to 54.1% in 2014. For hospital death, the highest percentages in 2014
were in Alaska (20.4%), New York (17.4%), District of Columbia (16.3%), Mississippi
(15.0%), and Hawaii (15.0%) and the lowest were in Utah (4.2%), Minnesota (4.4%),
Arizona (5.1%), Wisconsin (5.1%) and Idaho (5.6%). The largest decrease occurred in
Louisiana, from 31.1% in 2000 to 9.4% in 2014. For deaths at nursing home/long-term
care, the highest percentages in 2014 were in North Dakota (85.6%), South Dakota
(82.7%), Iowa (78.9%), Maine (76.4%), and Montana (76.2%); and the lowest were in
Arizona (32.1%), Hawaii (33.1%), Florida (34.1%), Utah (36.0%), and Georgia (37.1%).
The largest decease was in Arizona, from 68.1% in 2000 to 32.1% in 2014. Contradictory
to the overall trend, a few states had an increase in the percentage of nursing home/longterm care deaths during the study period, including West Virginia, Louisiana, Mississippi
and District of Columbia. For deaths at other places, the highest percentages in 2014 were
in Arizona (40.0%), Florida (35.4%), Wisconsin (33.7%), Georgia (26.5%), and
Maryland (24.6%) and the lowest were in North Dakota (1.0%), Alaska (1.1%), West
Virginia (3.0%), Massachusetts (3.5%), and Vermont (3.6%). Arizona had the largest
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increase in the percentage of deaths at other places, from 9.2% in 2000 to 40.0% in 2014.
It should be noted that from death certificates, a few states had very small numbers of
deaths from dementia over the study period. For example, Rhode Island reported only 12
home deaths, 31 hospital deaths, 109 nursing home/long-term care deaths, and 15 other
deaths in the 15-year span. The Dakotas also had the same issue. The percentages of
deaths at different places generated from smaller numbers may have greater variability
and are more likely to become outliers. To address the small number problem, states with
the reported number of deaths at any place in any year smaller than 30 were excluded
from the panel data analysis to ensure that parametric coefficient estimates were more
resilient to the influence of those outliers.
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Table 8 Summary statistics of panel data, including all states and DC.
Variable
Place of death
% of decedents who died at home
% of decedents who died at hospital
% of decedents who died at nursing home/long term care
% of decedents who died at other places

Min

Max

Mean

Standard Deviation

0
0
26
0

54.1
50
100
44.1

15.8
12.7
63.4
8.1

7.9
6.6
14.1
7.8

Socio-demographic structure
% of decedents who were aged 85 years and older
% of decedents who were female
% of decedents who were non-Hispanic White
% of decedents who were married
% of decedents who had high school or less education

0
33.3
22.7
0
0

100
100
100
55.6
88.9

64.9
69.7
88.8
26.4
70.9

6.2
3.6
13.8
3.8
6.8

Care facility resources
# of hospital beds per 1000 population
# of nursing home beds per 1000 older adults

1.7
10.5

6.2
85

2.9
46.5

0.95
15.8

0.1

1.4

0.4

0.23

2.4

5.7

4

0.64

0.1

5.1

1.7

0.8

0

6.5

1.3

1

Public care financing
Medicare reimbursement rate on home health agencies
(HHA) in 1000 dollars
Medicare reimbursement rate on hospital and skilled
nursing facilities (HSNF) in 1000 dollars
Medicaid expenditure on institutional long term services
and supports (LTSS) per older adults in 1000 dollars
Medicaid expenditure on home and community-based
services (HCBS) per older adults in 1000 dollars
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(a) Decedent's home

(b) Hospital
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Utah
Alabama
New Mexico
Hawaii
Louisiana
California
Nevada
Alaska
District of Columbia
South Carolina
Mississippi
New Jersey
Georgia
Delaware
Virginia
Tennessee
Oregon
Arizona
West Virginia
Texas
Rhode Island
Illinois
New York
Florida
Arkansas
Michigan
Idaho
Oklahoma
Minnesota
Maryland
Kentucky
North Carolina
Washington
Connecticut
Massachusetts
Vermont
Colorado
Missouri
Indiana
Pennsylvania
Ohio
New Hampshire
Montana
Kansas
Maine
Wyoming
Wisconsin
Nebraska
Iowa
North Dakota
South Dakota

(c) Nursing home/long term care

Alaska
New York
District of Columbia
Mississippi
Hawaii
Kentucky
Rhode Island
Michigan
California
Arkansas
Oklahoma
Texas
Tennessee
Virginia
Alabama
Nevada
Georgia
Illinois
South Carolina
West Virginia
Connecticut
Florida
Louisiana
New Jersey
North Carolina
Vermont
Washington
Maryland
Wyoming
Massachusetts
South Dakota
Iowa
Indiana
Oregon
New Hampshire
New Mexico
Missouri
Nebraska
North Dakota
Kansas
Montana
Pennsylvania
Delaware
Ohio
Maine
Colorado
Idaho
Wisconsin
Arizona
Minnesota
Utah
0.0

0.2

0.4
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Figure 16 Changes in the percentage of decedents who died at different places in each state between 2000 and 2014: (a) Decedent’s home; (b) Hospital; (c)
Nursing home/long-term care; (d) Other. Red dots represent the year 2000 and blue dots represent the year 2014.
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5.3.3 Associations between place of death and state level factors
The panel data regression results showing the associations between state-level
factors and place of death resulting from a dementia-related disease are presented in
Table 9. 7 states (Alaska, Georgia, South Dakota, North Dakota, Rhode Island, Vermont
and Wyoming) and District of Columbia were excluded from the analysis due to small
number problem. The independent variables explained 61%, 47%, 42% of the variation in
home death, hospital death and nursing home/long-term care death, respectively. To
examine the possible multicollinearity among independent variables, a pooled panel data
analysis was carried out. The variation inflation factors (VIF) of all independent variables
were less than 5, indicating a low degree of multicollinearity between independent
variables.
The results showed that socio-demographic structure of dementia decedents was
associated with deaths at different places. The percentage of decedents who were 85
years and older and who were married were positively associated with the percentage of
home deaths; while the percentage of decedents who were non-Hispanic white and who
obtained high school or less education were negatively associated with the percentage of
home deaths. The percentage of female decedents was positively associated with the
percentage of home deaths, but the association was not statistically significant.
Percentage of decedents who were aged 85 years and older and percentage of decedents
who were female were negatively associated with hospital death; while percentage of
decedents who had high school or less education was positively associated with hospital
death. The percentage of decedents who were aged 85 years and older and percentage of
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decedents who were married were negatively associated with nursing home/long-term
care death while percentage of decedents who were female, who were non-Hispanic
white, and who had high school or less education were positively associated with nursing
home/long-term care death.
Care facility resources also appeared to be associated with place of death among
dementia patients. Specifically, the number of hospital beds per 1000 population was
positively associated with hospital deaths. There was not a significant relationship
between hospital bed availability with either home or nursing home/long-term care deaths.
The number of nursing home beds per 1000 older adults was negatively associated with
home deaths and positively associated with nursing home/long-term care deaths.
However, the effect size of nursing home bed availability on home and nursing
home/long-term care death were both minimal.
Public financing of care, especially Medicare and Medicaid, significantly impacts
where dementia patients die. From the panel regression results, Medicare reimbursement
rate on home health agency (HHA) was positively associated with home death and
negatively with hospital death; however, there was not a significant relationship with
nursing home/long-term care death. Medicare reimbursement rate on hospital and skilled
nursing facility (HSNF) was not significantly associated with either of three outcomes.
Medicaid expenditure rate on institutional long-term services and supports (LTSS) was
negatively associated with home deaths and positively associated with nursing
home/long-term care deaths but not hospital deaths. In the meantime, Medicaid
expenditure rate on home and community-based services (HCBS) was negatively
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associated with nursing home/long-term deaths and positively associated with home and
hospital deaths.
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Table 9 Associations between state socio-demographic characteristics and health care resources and place of death of the decedents whose underlying cause of
death was a dementia-related disease (N=43).
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5.4 Discussion
This study empirically assessed changes over time in place of death among U.S.
older adults who reported dementia as the underlying cause of death between 2000 and
2014. Nationally, there was a trend that older adults who died from dementia were
increasingly more likely to die at their homes, instead of institutional settings such as
hospitals and nursing home/long-term care facilities. The shares of deaths at the two
institutional settings had both dwindled, although their combination still makes up the
majority. The share of death occurred at places other than the three mentioned above also
increased during the study period, partly due to the increasing use of hospice facilities.
Socio-demographic features played a role in the place of death of decedents from
dementia, as shown in Table 9. Numerous studies have shown higher utilization of
nursing homes and other institutional LTC services among Whites compared with racial
and ethnic minorities (Murtaugh et al., 1990; Pan et al., 1998; Wallace et al., 1998;
Cagney and Agree, 1999; Borrayo et al., 2002; Cai and Temkin-Greener, 2015). Race and
ethnicity represent life-long socioeconomic status that can contribute to differential
patterns of end-of-life care, of which value is a decisive factor (Gruneir et al., 2007). The
percentage of decedents who were married was positively associated with home deaths,
demonstrating the significant role of social support in avoiding institutional placement.
The percentage of decedents who had high school or less education showed a positive
relationship with institutional deaths and a negative relationship with home deaths. This
may be because that education attainment, on average a quality indicator of life-long
socioeconomic status, increases access to information, power and resource, and
subsequently gives patients and their families latitude to make end-of-life care decisions

95

that are more in line with their preferences. Interestingly, the relationship between
education and institutional/home death appeared to be in the opposite direction to the one
between race/ethnicity and institutional/home death. It points to the complexity of race
and ethnicity as social constructs with a range of social meanings that may influence
where dementia patients choose to die. For example, they are also related to the access to
long-term care/end-of-life care services (Falcone and Broyles, 1994; Baicker et al., 2004;
Davitt and Kaye, 2010) and the cultural norms and attitudes towards them (e.g.
spirituality, family structure, language barriers, mistrust of the systems) (Cagney and
Agree, 1999; Hopp and Duffy, 2000; Sylvia et al., 2004; Johnson et al., 2008).
One of the aims of this study was to relate changes in place of death of older
adults who died from dementia to the state provisions of care facilities and finance
resources. Results showed that the availability of care facility resources was directly
associated with deaths at that facility. Larger state capacity to provide nursing home beds
increased the probability of dying in nursing home/long-term care settings; so was the
case for hospital beds and dying in hospitals. It is advisable that by regulating care
facility resources supplies, states can shift place of death of dementia patients from
institutional settings to homes and communities to better accommodate patient preference.
In fact, states have been implementing various policies to control the provider supply for
long-term care. One of the major strategies is through the certificate-of-need (CON)
programs. In 1974, the National Health Planning and Resources Development Act (P.L.
93-641) prescribed that states must have structures involving submission of proposals and
gaining the approval of certificate-of-need regulators before starting any capital projects
including establishing new health care facilities and providing new services (Harrington
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et al., 2004; Cauchi and Noble, 2018). Although the federal government did not
reauthorize the national CON requirements in 1987, many states elected to continue their
CON programs, especially for long-term care services, under state legislative authority
(Harrington et al., 2004), despite that empirical research found little to no effects of CON
laws on containing heath care cost. Some states additionally introduced moratoria
programs to strengthen their regulation on provider supply. Between 1985 and 2002, the
number of states operating CON and/or moratoria for nursing homes and home health
agencies decreased, but the majority of states have kept nursing home bed
CON/moratoria regulations (Harrington et al., 2004). As of 2016, 35 states and the
District of Columbia maintain some form of CON program, 12 states have discontinued
their CON programs and 3 states have variations (Cauchi and Noble, 2018). The facilities
and services regulated by CON laws vary widely from state to state; however, current
CON laws are more regulatory towards long-term care and outpatient facilities (Burt and
Williams, 2012). Current status of CON laws and whether certain facilities/services are
regulated were presented in Table 10. (For more information on current state CON laws,
see http://www.ncsl.org/documents/health/CON_State_List.pdf). Partly due to these
regulatory policies, the nursing home beds availability had steadily decreased across all
states, potentially contributing to the reduced probability of nursing home/long-term care
deaths. Meanwhile, the availability of hospital beds also appeared to be more limited over
time in most states.
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Table 10 State Certificate of Need (CON) laws and facilities regulated.
Table S5. State Certificate of Need (CON) laws and facilities regulated.
State

Has CON law as of 2016?

nursing home (beds)
yes
yes
no
yes
no
no
yes
yes
yes
yes
yes
yes
no
yes
no
yes
no
yes
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
no
yes
yes
no
yes
yes
yes
no
yes
yes
no
yes
no
no
yes
yes
yes
no
no
no

facility regulated
hospital (beds)
yes
yes
no
no
no
no
yes
yes
yes
yes
yes
yes
no
yes
no
yes
no
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
no
yes
no
yes
yes
no
no
no
yes
no
yes
yes
no
yes
no
no
yes
yes
yes
yes
no
no

home health agencies
Alabama
yes
yes
Alaska
yes
no
Arizona
no
no
Arkansas
yes
yes
California
no
no
Colorado
no
no
Connecticut
yes
no
Delaware
yes
no
District of Columbia
yes
yes
Florida
yes
no
Georgia
yes
yes
Hawaii
yes
yes
Idaho
no
no
Illinois
yes
no
Indiana
no
no
Iowa
yes
no
Kansas
no
no
Kentucky
yes
yes
Louisiana
yes
yes
Maine
yes
no
Maryland
yes
yes
Massachusetts
yes
no
Michigan
yes
no
Minnesota
no
no
Mississippi
yes
yes
Missouri
yes
no
Montana
yes
yes
Nebraska
yes
no
Nevada
yes
yes
New Hampshire
no
no
New Jersey
yes
yes
New Mexico
no
no
New York
yes
yes
North Carolina
yes
yes
North Dakota
no
no
Ohio
yes
no
Oklahoma
yes
no
Oregon
yes
no
Pennsylvania
no
no
Rhode Island
yes
yes
South Carolina
yes
no
South Dakota
no
no
Tennessee
yes
yes
Texas
no
no
Utah
no
no
Vermont
yes
yes
Virginia
yes
no
Washington
yes
no
West Virginia
yes
yes
Wisconsin
no
no
Wyoming
no
no
Note:
1. Minnesota ended its CON programs in 1984 but started to implement a similar process called "public interest review" in 2004 to
require proposal for constructing new hospital or hospital bed expansions. It also allows for exceptions to the moratorium on nursing
homes.
2. New Hampshire ended its CON program in 2016.
3. Wisconsin maintains an approval process for nursing homes.
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Long-term care is expensive. Care for patients with dementia is much more costly
than for patients with other diseases (Kelley et al., 2017). Also, costs of care delivered at
institutional settings are significantly higher than care at home (Wübker et al., 2015;
Alzheimer’s Association, 2018). Federal and state investments in public insurance
programs such as Medicare and Medicaid can significantly impact patient’s purchase
power of end-of-life care at different settings and can consequently influence their place
of death. Results showed that states with more generous Medicaid expenditure on
institutional LTSS also had increased probability of nursing home/long-term care deaths
and decreased probability of home deaths. States with higher investments in institutional
LTSS may provide an incentive for care facilities such as nursing homes to keep
providing services to patients instead of transferring them to hospitals (Intrator and Mor,
2004; Gruneir et al., 2007; Intrator et al., 2007). Also, nursing facilities in states with
higher Medicaid nursing home reimbursement rates were more likely to hire nurse
practitioners and physician assistants (Intrator et al., 2005). Better quality of care due to
improved staffing may propel patients and their relatives to make the decision to enter
nursing facilities and stay. As for HCBS, increased Medicaid expenditure was associated
with higher rates of home deaths and lower rates of nursing home/long-term care deaths.
Reasonably, dementia patients with better support at home and in the community would
be better equipped to avoid institutional placement. There was a symmetrical relationship
between institutional LTSS spending/dying at nursing home/long-term care and HCBS
spending/dying at home. Medicaid expenditure, however, was not significantly associated
with the rates of hospital deaths.
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On the other hand, state Medicare spending had limited impact on place of death
among dementia patients. Results showed that more generous Medicare reimbursement
rate on HHA was negatively associated with the rates of hospital deaths; however, it was
associated with increased rates of nursing home/long-term care deaths and surprisingly
did not significantly increase rates of home deaths. Medicare covers home health care for
persons who are homebound and in need of part-time nursing care or therapy services
(Feder et al., 2000). Medicare expenditure on HSNF was not associated with differentials
in place of death. This may be because Medicare is not designed to pay for long-term
care. Medicare only pays for skilled nursing facilities for up to 100 days following a
hospital stay of at least 3 consecutive days (postacute care) and offers hospice care
benefits at the end of life (Feder et al., 2000; Eskildsen and Price, 2009; Ng et al., 2010).
For most dementia patients who usually live a much longer period of time, Medicare is
not the primary source of finance for long-term care.
The changing landscape of place of death of dementia patients from institutional
settings to homes and communities can be situated in the broad ageing, and particularly
“ageing in place”, policy framework (Vasunilashorn et al., 2012; Wiles et al., 2012).
“Ageing in place,” defined as “the ability to live in one’s own home and community
safely, independently, and comfortably, regardless of age, income, or ability level”
(Centers for Disease Control and Prevention, 2009), has been increasingly favored by
health policy makers, health professionals, and older persons and their relatives. Different
from other cross-sectional studies, this study used fixed-effects panel models to examine
how changes in state factors (e.g. sociodemographic structure of decedents, care facility
resources and public care financing) were associated with the changes in place of death of
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dementia patients over time. The results demonstrated the importance of both
sociodemographic and structural factors in determining where dementia patients die.
This study has several limitations, too. First, several states had very small
numbers of dementia deaths across different places. Those states were excluded from the
panel data analysis due to the potential biases that could be introduced to parametric
estimates. The relationships found between place of death and state factors may not be
generalized to those less populated states. Where dementia patients die in those rural
states and how it is related to sociodemographic features, access to care facilities, and
state financial supports may warrant special attention. Second, this study examined the
relationships between state care financing, specifically Medicare reimbursements on
HHA and HSNF and Medicaid expenditure on institutional LTSS and HCBS, and place
of death among dementia patients. However, how much of those expenditures was
directed towards older adult dementia patients is not clear. To better inform policies
designed to face the challenge of providing quality end-of-life care for an increasing
number of dementia patients, federal and state agencies need to create a data taxonomy
that is more reflective of service use and spending of this sub-population. Additionally,
the care finance factors in this study were focused on public expenditures. Other market
characteristics such as out-of-pocket spending and financing through private long-term
care insurance were not examined. These factors might also have had a large impact on
where dementia patients die because they make up a significant portion of long-term care
payment (Kaye et al., 2010). One of the goals of the National Alzheimer’s Project Act
(NAPA), which was signed into law by President Barack Obama in 2011, is to improve
the ability of federal agencies to collect data on dementia-related monetary costs of
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individuals and public programs (U.S. Department of Health and Human Services, 2012;
Hurd et al., 2013). As the quality of data on the care financing incurred by dementia
improves, we will be able to better understand the relationships between federal and state
investments in dementia care and place of death of dementia patients. And lastly,
transition between places of care for dementia patients at the end of their lives is not
uncommon (Aneshensel et al., 2000; Klinkenberg et al., 2005; Teno et al., 2013). It is
entirely possible that a dementia patient received end-of-life care at home or nursing
home but was transferred to a hospital during episodes of acute complications of
dementia and died there. The lack of data on the possible transitions of dementia patients
between different settings of care could obscure the relationships between place of death
and state factors found in this study.

5.5 Conclusion
The place of death is a function of the decedent’s preference, health status at the
end of life, familial circumstance, and access to options. Overwhelmingly, people with
dementia and their relatives prefer home death for the patients. However, the majority of
U.S. older adults who died from dementia (>75% in 2014) still died elsewhere (e.g.
nursing home/long-term care, hospital, other). While over time the gap has been
narrowing, there is still a large discrepancy between patient’s preferred place of death and
actualized one. The results of this study suggest that, to help more dementia patients to
die at home, states may continue to use a combination of policies aiming at restricting
institutional end-of-life care resources and investing in home and community-based
services. It should be noted that, although dying at home may be pivotal to many
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dementia patients, it is only one of many aspects of a good death. To ensure quality endof-life care, other aspects of patient needs (e.g. physical, social, psychological, and
spiritual) also need to be respected. As the utilization of home and community-based
services continues to grow, Federal and state health agencies need to evaluate and
monitor the quality of HCBS to ensure that quality of end-of-life care at home and in the
community for people with dementia is not compromised.
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CHAPTER 6: CONCLUSIONS
6.1 Summary of results
This dissertation examined that socio-spatial disparities in dementia mortality in
the United States. Using national death certificate data and a retrospective space-time
scan statistic, the first study detected spatiotemporal dementia mortality clusters based on
small area units. The most likely high-risk clusters were found in the Ohio River Valley
and Carolinas region, the Northwest, central California, and east Texas; while the most
likely low-risk clusters were located in the Northeast and Florida. Temporal information
of those clusters showed a reduction in relative risk in mortality in most of the highly
likely cluster areas. Despite of the etiological difference in dementia between men and
women, the study found highly similar spatial and temporal patterns in clusters by sex,
with a few noticeable differences. This study provided evidence of small area variations
in dementia mortality risk in both space and time in the U.S.
The second study examined “place effects” on differential individual dementia
mortality risk using a multilevel framework. Results showed that while the overall “place
effects” were small, certain environmental factors-area socioeconomic deprivation and
PM2.5 concentration, in particular-were significantly associated with individual dementia
mortality risk. The relationship between area socioeconomic deprivation and dementia
mortality risk was nonlinear; however, the detrimental effects of PM2.5 concentration on
dementia mortality risk showed a dose-response manner, with higher levels of PM2.5
concentration associated with higher risk of dementia mortality. The relationship between
area social integration and individual dementia mortality risk was non-significant,
especially in the models adjusted for individual-level sociodemographic variables.
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Although no interactive effects between contextual and individual-level variables were
found in the full model, the effects of environmental variables on individual dementia
mortality risk differed by age group in stratified analysis.
The third study assessed the changing landscape of place of death of decedents
from dementia in the U.S. between 2000 and 2014. Results showed that there was a
persistent shift from deaths at institutional settings (hospitals, nursing home/long-term
care) to deaths at home and other places. However, there were wide interstate variations
in such change. The disparities in place of death of decedents from dementia were
examined by sociodemographic characteristics. Older age, being female, being nonHispanic White, being non-married and having less education were associated with
higher risk of death at nursing home/long-term care facilities in both 2000 and 2014. In
addition to sociodemographic factors, state health care inputs were also significantly
associated with where dementia patients died. Specifically, better availability of care
facility resources at one setting (e.g. hospital beds, nursing home beds) was associated
with higher rates of deaths at that setting. More generous Medicaid spending on
institutional LTSS was associated with higher rates of deaths at nursing home/long-term
care facilities; while more generous Medicaid spending on HCBS was associated with
higher rates of home deaths. Medicaid expenditures on institutional LTSS and HCBS
were not significantly associated with deaths at hospitals, but Medicare reimbursement
rate on HHA was negatively associated with deaths at hospitals.
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6.2 Future directions
Future work on the socio-spatial disparities in dementia mortality may be
focusing on two aspects: first, this dissertation uses county as the spatial unit to measure
contextual variables. Although it is the finest geography at which all death certificates are
geocoded, such large resolution may limit the usefulness of the findings since the three
environmental factors-area socioeconomic deprivation, area social integration and PM 2.5
concentration-can vary widely within counties. Future research should examine the
effects of these environmental factor on dementia mortality risk using data at finer
resolutions when available. Also, results from cross-sectional studies may not be very
useful for inferring causality. Future research needs to incorporate the life-course
approach in which environmental exposure is measured throughout different stages of
one’s life. Such approach not only can provide stronger evidence to support the causal
relationship between environmental exposure and differential dementia mortality risk, but
also offers the potential to identify critical stages of life when environmental exposure
may have the most significant impacts.
Second, the study of place of death of decedents from dementia assessed the
interstates variations in the distribution of deaths at different places and how state
structural factors may contribute to the changing landscape. As more and more decedents
from dementia die at home, the overall trend and socio-spatial disparities in the quality of
end-of-life care at such setting warrant further investigation. It may help transform
national and local policies aiming at “deinstitutionalize” end-of-life care for dementia
patients from cost-oriented to quality (or value)-oriented. Moreover, the social and spatial
processes (operating at both individual and group levels) leading to differential individual
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decisions on place of death remain under-explored. Future research will need to engage
persons with dementia (and their caregivers) at the micro scale to better understand the
resources and barriers of ageing and death in place. Qualitative research methods such as
participant observation, focus groups and in-depth interviews may be used to explore the
nuances and complexities in the social and spatial relations between dementia patients
and their places of end-of-life care and death.
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